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This bock basically is intended for engineering and technical personnel who 
maintain radar equipment in troup units. Its goal is to aid the reader to refine 
physical processes in pulse devices and to master reading of radar station pulse 
circuits. Understanding of phys’cal processes in pulse devices and ability to 
analyze, to read, any radar station pulse circuit is required for proper equipment 
maintenance, effective preventive measures, and rapic detection and correction 
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C Certain typical pulse signal transformations always will oécur in radar station 
pulse circuits. In turn, these transformatiions are made with/the aid of a limited 
number of standard elementary circuits -- “building blocks,“ from which the basic 
circuits in any pulse device are synthesized. The main content of this book is 
devoted to study of suc elementary circuits and their interaction. Basic information 
on the role and place of pulse circuits in radar, on pulse signal characteristics 
and parameters, on standard pulse transformations, and on pulse circuit types 
intreduce this material. A series of elementary items, which may be useful to 


some readers as they work with this book. is found in the attachments. ~ (Aus 








Any 
A. V. Kuznetsov wrote a portion of the material at the author's request (Chapter a, 
III, §6; Chapter V, §4; Chapter VI, §6 and 7; Chapter VII; Chapter IX, §7). ZS 
S 
This is not the usual textbook for a course on pulse technology (there are oa 
re. 
oa 
Trasslator's note: desuitiplication should be division. "S 
So 
7 
\ 
~~ 
_ — 
- “>; 
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sufficient of these, widely recognized, available to support higher and secondary 
military educational institution programs). First, only those devices that have 
faind vide use in extant radar equipment are examined in the book. Second, it 
wili not contain information on calculation and design of pulse circuits. Main 
attention has been placed on a description of the physical principles of their 
operation, characteristic features and properties, adjustments, practical use 
vatiations, and the infiuvence of typical malfunctions. Several problems /4& 
mainly of theoretical interest have beer, onaitted. Third, the book is intended 
in the main for independent work on the part of the reader, which reflects the 
main form of instructicn for engineering and technical persenne! in troap units 
and a basic element of the instructional process in educational institutions. 
That fact stipulated some of the book's special structural features. 


Questions (problems) in the form of exercises are provided in order to vitalize 
the material and to increase effectiveness in material assimilation as the reader 
proyresses. Answers to these problems require comprehension, critical analysis, 
and sometimes even some development ("invention") of the material in the basic 
tex:. No questions or problems that can be answered simply by reading the text 
ec chraugh mechanical working of formulas are provided in order not to create 
the illusion of material assimilation. 


Responding to the questions requires the reader to formulate answers, which 
encourages the maximum degree of profound assimilation of the material. The 
multiple-choice method of questioning is not used virtually at all in this book 
because of the inherent drawbacks of this approach, 


We recomnend that answers be provided in written farm. This teaches an 
incivicual to formulate answers precisely and plays the role of "physical activity” 


reinforcing the student's mental activity. 


The answers ta the questions, with the required explanat.ions, are provided 
in Chapter X for self-correction. They are to be referred to only after the reader 
has written (or honestly tried to write) his own answer. It is assumed that the 
reader will conduct himself in just this manner because, since he decided to use 
this pook, he is interested in profound assimilation of the material and understands 
that his ability independently to find the correct answers in this sense is the 


best criterion. 








Working with exercises is very desireable. Therefore, some supplementary 
information is included in the associated explanations, generalizations are provided, 
and highlights underscored, with some problems examined from a different point 
af view. Some af the exercises are designed also to prepare the reader for subsequent 


material. 
PROCEDURE FOR INDEPENDENT USE OF 1HE BOOK (Appeal to the Reader) 


As ycu prepare to begin work, have a notebook handy. It is useful to outline 
the material to the extent you deem advisible. However, when enccuntering the 
next question (problem) in the text, formulate your ansyer ard, without fail, /5 
vrite it down in the notebook (sketch the requisite characteristics, graphs, curves, 
and circuits). If the question is difficult, go through the appropriate material 


again, then again attempt to provide an ansver. 


Check it against the correct response only aft: > you have entered your ansver 
in the notebook. The answer will be found on the page indicated at the end of 
each exercise. You also will find the necessary explanation there. 


PROCEDURE FOR USING THE BOCK IN AN AUDITOR{UM UNDER A TEACHER'S SUPERVISION 


(Recommendation for the Teacher) 


Effective use of the book in an auditorium under the supervision of a teacher 
and the latter's part:cipation are possible if the following two conditions are 
fulfilled: a group of workable size (20-25 students) and the availability Jf 
sufficient copies of the book. Individual paragraphs of the book (besides the 
introduction to each chapter) or the description of some circuits can be omitted, 
with the requisite changes made to the number and content of the exercises depending 
on specific goals and study conditions. Approximately 60-80 training hours are 


required for Full coverage of the book's material. 


Each student must have a text and rctebook at the lessons. Chapter X, containine 


the ansvers to the exercise, showld be covered over in the tunks beforehand. 


Introductory lectures on each topic, which are assiyned to the most-experienced 
teachers and which can be delivered to a batch of stucents (class), must precede 
individual work with the book. The c~ntent and number of such lectures are deteimined 
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in each invidual case, depending on the training and nature of the student continzent 
and the specifics of the educational institution. The overall task for the 
introductory lectures is to prepare the students for indepeacent work with the 

bork from a methodclogical and psychological poin. of view. Some of the lectures 
must be given at the conclusion of a particular class fer ilJumination of questions 


not covered in the book. 


As they work independently, students voluntari!y outline the material in 
their notebooks and can approach the teacher with anv questions (for example, 
cn places they don't understand or which are not explained in the book, in connection 
with associations ur proposals that occur, and so on). However, reaching an exercise 
in the text, the student must precisely and intelligently write his formulated 
answer (draw the requisite characteristics, graphs, curves, Circuits) and provide 
them to the teacher for a critique. The teacher examines the answer and, depending 
on the degree of its correctness and completeness, provides assistance to the /6 
degree to which this is necessary for a particular student (approval, basis of 
the error, indication of its causes, follow-up question, brief explanation, and 
30 on).* Experience shows that it requires an average of 1 minute per question 
for the teacher's critique. The student is told to contijue reading the book 


only after approval is obtained for an answer. 


The teacher maintains only one record during the sessions, a record of independent 
work in the group. This record comprises a list of the group with vertical columns 
certespanding to lesson numbers. Correct answers are denoted by a plus sign (+) 
anc incorrect, or unsubstantiated, answers denoted by a minus sign (-) (we use 
ted and blue grades). Since, in the final analysis, a correct ansver is required 
for each problem, a "plus" must be the final notation in each square. A large 
number of "minuses" in any vertical column indicates the requirement for additional 
explanation of this problem. It is evident that such a system completely and 
clearly reflects the situation in a group at any particular moment, as well as 
the rate and quality of each student's work. 


Students who complete the study of a given section ahead of time, with approval 





*In some casts, the teacher may recommend that the student read the appropriate 
explanation in Chapter X. Therefore, the teacher must have two or three "unexpur- 
gated" copies of the book. 
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om all responses, may be released from further mandatory attendance at lectures 
on this section, while those obviously falling behind must be called in for mandatory 
addtional consultations. It is advisible to allow exams (quizzes) tu be taken 


ahead of time. 


There is no reason for students to be reluctant to present the teacher answers 
that may turn out to be incorrect, but, on the contrary, they should be interested 
in frequent contacts with the teacher for the qualified continual monitoring of 

iad the effectivencss of their work, Therefore, the critique the teacher provides 
7 on answers must be constructive and be designed only to aid the student, to approve 


and vitalize their wental activities in the desired direction. 


In particular, it i: necessary (and the students must be absolutely convinced 

of this) that an evaluation given by a teacher on a comprehensive exam or quiz 

in mo way depend on the plus~minus ratio. Where required, the use of minuses 

can be eliminated if the psychological barrier on the part of the students to 

the grading system is not overcome. Mutual efforts on the part of the students 

during the process only facilitate learning and should not be prohibited. Possible 
be isolated attempts of dishonest mechanical copying of a comrade's answers without 

the work being done are evident to the teacher and rapidly eliminated. 


The teacher's efforts must insure timely examination of ali answers that /7 
are turned in to him, which may require intense efforts on his part during the 
lessons. However, given establishment of the conditions described above, a favorable 
atmosphere for creative enthusiasm is established rapidly in the auditorium for 
studying the material, which will result in increased effectiveness. 
i The approach recommended above for independent work with the book also is 
applicable for studying the material in the auditorium. In this variant, the 
students, working on the material, approach the teacher with questions only at 
f their own initiative. The teacher's activities during the lessons are eased since 
: he, in essence, is released from ongcing monitoring and controlling assimilation 
' of the material. Instead, he can give periodic (three to five perc semester) graded 
: check quizzes on individual sections (themes). These can be automated. This 
approach tu monitoring makes it possible, with a delay eqvating to the interval 
betveen quizzes, to evaluate the results of independent work by the st.dents and 


to rank them accordingly. 
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CHAPTER I /8 
GENERAL INFORMATION ON PULSE SIGNALS AND DEVICES IN RADAR 
§ 1. CONCEPT OF PULSE RADAR. PULSE SIGNAL PARAMETERS 


The majority of radar stations (RLS) employed at present in troop units operate 
in the pulse mode, i. e. emitting electromagnetic energy into space and receiving 
it from an object in individual brief portions -- pulses. Here, pulses emitted 
(outgoing and interrogation) and received From an object (echo or return) turn 
aut to be separated in time. Thanks to this, the puise radar method makes it 
fossible most simply to determine the range to an object from the delay time of 
a pulse received From an object relative to the emitted pulse, and to have a single 
antenna at the RLS used alternately for transmission and reception. In addition, 
tie discontinuous structure of pulse siqnals makes it possible to use their time 
selection (differentiation of pulses by the time of their formation) and, for 
this reason, improve radar system capabilities: to divide signals in time from 
different objects, to code signals by time parameters, to create multichannel 
lines vith channel time division, and so on. 


What are radar pulse signals? Tne brief deviation of voltage or current 
from the set value is referred to as an electric pulse. The term "brief" must 











be understood in the sense that pulse duration is less than or equal to the duration 
of transient processes arising in electric circuits when they operate.* 


There are tuo types of pulses, which are distinguished by the nature of the 
change of voltage or current during the action of the pulse -- video pulses and 
radio (r-f] pulses. 





Figure I.l. Voltage Video Pulse (a) and Radio Pulse (b). (¢) -= porch; 
(d) -- tilt; (e) -- droop. 


A brief increase or decrease in constant voltage or current is called /9 
a video pulse (Figure I.la). In the first case, a pozitive video piise results, 
while a pulse of negative polarity occurs in the other. 





“We will point out that processes arising when the electrical balance in a 
circuit is disrupted are called transient processes. 
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A packet of high-frequency harmonic oscillations is called an r-f pulse (Figure 
I.lb). The frequency of these oscillaticns is called the basic frequency or 


carrier frequency fo = — » where me is the period of the harmonic oscillations. 
o 

It is evident that it is senseless to talk about the polarity of an r-f pulse, 

obtained from pulse modulation of video pulses by a microwave oscillator. Reverse 

transformation, obtaining video pulses from r-f pulses, is accomplished by /10 


t-f pulse detection (separation from the envelope). 


If there are no special reservations, in future we will examine voltage video 


pulses. 


The parameters of a single pulse are its amplitude (maximum value) U, form 
f(t), pulse duration ‘« , pulse rise time t , pulse decay time fen , and tilt 


dissipation IU. (Figure I.la). 


The envelope of a real pulse has a smooth nature due to the nature of the 
transient processes in electrical circuits. This complicates strict (single sign) 
determination of ty, fe ten intervals. Therefore, values ‘a %, tq in practice 
are measured at specific previously-agreed upon levels relative to pulse amplitude 


and are referred to as active times. 


As depicted in Figure I.la, active time (ua for a pulse with amplitude U 
usually is computed at level 0.5U, active pulse rise time ‘es usually is determined 
as the time interval between the moments the envelope acquires values G.1U and 
0.9U at the pulse's leading edge. Analogously, active pulse decay time ‘es is 


determined at pulse decay. 
Mathematically, a video pulse may be written in the form 


a(t), =f (ty, (1.1) 


where f(t) — time function describing the form of the pulse (f(t) € 1 since, 
when f(t) <1, F(t) = U -- the pulse reaches the amplitude value). 


The form of real pulses usually is approximated by several simple functions 
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Figure 1.2. Square (3), Trapezoidal (b, c), Exponential (d), Casine 
(e), Square-Cosine (f), and Gaussian (gq) Pulses. 


of F(t). Pulses of the most-characteristic farms examined in radar are depicted 
in Figure 1.2. 


ode From the energy point of view, a single pulse is characterized by its /ll 
energy wu, and pulse power P, , understacd to mean power average for the pulse's 


ges time of activity Pia ; 
. i 





Figure I.3. Periodic Square Pulse Trains (Q = 4). 


Periodic pulse trains (Figure 1.3), trains of periodically-repeating r-f 
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and video pulses of a given form and amplitude, are used in radar. Additionally, 
the parameters of such signals are: 

-- resting time between pulses f, ; 

— pulse repetition period Tyslatts ; 


-- pulse repetition rate (number of pulse per second Faz ; 


~- pulse duty ratio Q= te 
a 


wk. 6s 1 fe 
— pulse ratio Lay = 


As a rule, pulse duration is much less than resting time << l, . 
Consequently, the greater *.<<7, and Q=>I1 . The iatter inequality expresses 
the basic time ratio in pulse radar. 


a(t), =Uf(t = aT), (1.2) 


Mathematically, a periodic video pulse train may be written in the form 
where n= 0, 1, 2, 3,. +. /12 
| Like any periodic function*, a periodic voltage video pulse train may be 
presented in the form of the sum of two components, direct and alternating 
a(t)=l_+a_ . Direct component U. is the average value ot the 
signal for pulse repetition period Th, Alternating component 4. determines 
only the form of the pulses, while the average value of the alternating component 


for the period equals zero. 


The direct component may be found graphically as the height of a square with 
base 7,, whose area equals area /7, limited by the voltage curve for period 7, . 





“Naturally, a real pulse signal is not a strictly periodic function. First, 
all its parameters to a certain degree change over time and, second, it has a 
beginning and an end, corresponding to the equipment cutting in and out, i. e., 
its periodicity is not infinite (for any n). Theretscre, the more precisely the 
signal is described by expression (1.2), the more stable its parameters and the 
greater the number of pulse repetition periods it observes. 





Area f1 conveniently is determined as the algebraic sum of the areas enclosed 
by the voltage curve for the pulse activity time ard resting time: M=/7,+-7,, . 
therefore 

nN Ne. Mn 


Set ee te 


For the pulses depicted in Figure I.3a, voltage is missing during resting | 
times ({1,=") , and, considering the square form of the pulses, /1,=Ut, . Thus, 


: Ne rte u 
Usa zeUF=z- (1.3) 


For those depicted in Figure I.3b, which have the same form and amplitude 
but are desi,nated with a nonzero initial level CL (value of voltages during 


resting times), My=(U+U)te, and A,al't, 
uw 
Ua=a tl (1.4) 


— the direct compment changes by the value of the initial level (considering 


its sign). 


Mathematically, tre area enclosed by the curve of the function are expressed 
by the specific integrals of this function accepted in the appropriate limits. 


Therefore, for any pulse form, one may write 


T, t i 
C= 74 (¢),@¢ -+( fe (t), df + {a (ft). «| (1.5) 
9 


a é 


It follows from the ratios presented that the direct component will depend /13 
on pulse amplitude, form. polarity, repetition period, and initial level. 


Comprehension of the physical processes in pulse devices in many cases is 
facilitated when representing pulse signals by their frequency spectra -- the 
aggregate cf harmonic components of different frequencies (see Attachment 1). 
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Spectral representation of pulse signals will lie at the tssis cf the frequency 
method of line circuit analysis (see Attachment 7). 


From the pover point of view, a periodic pulse signal is characterized, along 
with puise pover P. , also by average power Pen -- power averaged during the pulse 
repetition period. Since pulse energy equals Vy=P,t, , and, from determination 


P= = » then 


Ta 
Pa = Pop = Pop, (1.6) 


i. e@., pulse nower vill exceed average paver by factor Q. Ratio (1.6) is che 
basic energy ratio for pulse radar. 


§ 2. PULSE RADAR STATION COMPOSITION AND OPERATING PRINCIPLE 


The following are pulse radar station basic elements (Figure 1.4): synchrenizer, 
transmitter, receiver, transceiving antenna (A), antenna control system, antenna 
suitch (AP), high-frequency energy transmission lines (LP), feeders or wave guides*, 
displays, automatic range and angular coordinate target tracking systems, and 


energy source. 


The synchronizer sets the station's operating rhythm and insures that all 
its units operate in strict time agreement. It generates short video sync pulses 
with repetition period 7, (Figure I1.5a). These pulses are supplied to the 
transmitter, displays, and automatic target range tracking system**. 


The transmitter creates powerful outgoing r-f pulses and will comprise a 
driver (sometimes omitted), modulator, and microwave oscillator. Syne pulses 
teach this driver, where they are amplified to the level required to control the 
modulator's operation. Powerful modulating video pulses are generated in the /15 





*Antenna, antenna switch, and high-frequency energy transmission lines comprise 
the station’s antenna-feeder or antenna-wave guide system, 


**The synchronizer also generates the supplemental video pulse trains required 
for the operation of various RLS elements and devices connected thereto. 
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Figure 1.4. Pulse Radar Station Simplified Structural Miagram. (a) -= 
Antenna control system; (b) — Transmitter; (c) -~ Driver; (d) -- Modulator; 
(e) Microwave oscillator; (F) =~ Outgoing pulse; (g) -- Echo pulse; (h) -- 
Collimating mark pulses; (i) — Receiver; (j) -- Syne pulses; (k) —- Scale 
mark calibration pulses; (1) — Gate pulse; (m) -~ Target pulse; (n) -- 
Synchronizer; (0) -- Displays; (p) -- Automatic target tracking systems; 

(q) -- Energy source; (r) ~ Gutput (measuring) pulses; (1) -- LP; (2) -~ 
AP; (3) — S [Mixer]; (4) -- G [Hetrodyne]; (5) -~ UPCh [Intermediate 
Frequency Amplifier]; (6) ~~ D0 [Detector]; (7) — vuS (Video Amplifier]; 

(8) — USVCh (Microwave Amplifier]. 






the modulator (Figure I.5b) and modulate the microwave oscillator, which generates 
outgoing pulses (Figure I.Sc). 


Outgoing pulse repetition period T, is provided by the synchronizer, their 
power P, , form, and duration ‘s by the parameters of both the modulator and 
the miccovave oscillator, and carrier frequency FS by the microwave oscillator. 


Outgoing r-f pulses are fed from transmitter output along transmission lines 
via the antenna [transmit-receive -- T-R] switch to the antenna and radiated by 
it into space. Echo r-f pulses (Figure I.5d) return to the RLS during resting 
times between outgoing pulses*, are received by this antenna, and are supplied 





“In accordance with Figure 1.5d, two echo pulses arise for each outgoing pulse 
tepetition period. This corresponds to a case where two targets A and 8, with 
different ranges Ty and Tg» are within the RLS coverage zone. 
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Figure I.5. for Target Signal Formation and Conversion: (a) ~= Sync 
pulses; (b) — Modulating video pulses; (c) -= Outgoing r-f pulses: 
(d) -- Echo r-f pulses; (e) -- Intermediate frequency r-f pulses; (f) 
— Gate pulses; (g) -- Target pulses at receiver output. 


to the receiver input via the antenna switch along the transmission lines. 


The antenna is for radiation and reception of high-frequency electromagnetic 
energy. RLS use directional antennas, which radiate and receive electromagnetic 
energy in narrow spatial beams. This creates the capability of determining target 


bearing, its angular coordinates. 


The antenna control system remotely controls antenna rotation in azimuth /16 


and angle of site and is a conventional system of electromechanical servos. 


The T-R switch, affected by outgoing pulses, automatically connects the antenna 
to the transmitter output and disconnects it from the receiver. During the resting 
time between outgoing pulses, it connects the antenna to the receiver input, 
disconnecting it from the transmitter. 


The receiver amplifies r-f pulses received by the antenna and converts them 
to video pulses. A superhetrodyne receiver usually is used and it will comprise 
an input device (VU), microwave oscillator (USVCh), hetrodyne (G), mixer (S), 
intermediate frequency [IF] amplifier (UPCh), detector (D), and video amplifier 
(vuS). 








An input device (preselector) provides the receiver's carrier frequency 
selectivity. The USVCh will serve for preliminary amplification of r-f pulses 
on the carrier frequency (mainly for the purpose of reducing the receiver's .oise 
factor). R-f pulses are supplied from the USVCh output to the mixer. Also supplied 
to the inixer is a constant harmonic voltage generated by the hetrodyne, a low-pover 
automatic harmonic oscillator. The hetrodyne's voltage frequency is fr<fo . 
IF (varied) r-f pulses /m=/—j. (Figure I.5e) are separated at mixer output. 
Basic r-f pulse amplification vill occur on an intermediate frequency in the UPCh, 
vhich also determines the receiver's overall frequency-selectivity properties. 


Temporary selection of tarcet range signals may occur in the UPCh.* Video 
gate pulses (Figure 1.5g), whic. upen the stage only long enough for the passage 
of pulses fro the target seler.tcd for tracking (Target B in Figure I.5), are 
supplied fo. this purpese to on? normally-closed UPCh stage. Gate pulses are 
generated in the automatic range tracking system, where the requisite time for 
their delay relative to outgoing pulses is provided automatically. 


Amplified and gated IF r-f pulses are supplied from the UPCh output to the 
detector input, where separation of the r-f pulse envelope will occur. Target 
video pulses appear at the detector output and then are amplified additionally 
in the video amplifier tc the level necessary for RLS terminal ccvices to operate 
(Figure I.5g). 

The displays are designed for observation of the aerial situation, target 
search and selection, visual determination of its coordinates, and preparation 
for automatic tracking. Displays in operating principle are pulse osc illographs 
with linear or two-dimensional sweeps. Time-base linear sveeps synchronized /17 
by a syne pulse with the repetition Frequency of the outgoing pulse are createu 


for range measurement. 


These sweeps are obtained with the aid of savtooth voltages or -urrents acting 
upon the tube's deflection yoke. Intensifier pulses, which enable the tube only 
during the foryard motion of the sveep (the operating linear portion of the sweep's 
savtooth voltage or current) or, on the other hard, quench pulses for the retrace 


*Also based on angular coordinates in some cases. 


21 











of the sween, which disable the tube during the retrare, are supplied to the cathode 
tay tube's (CRT] control electrode (or cathode) to eliminate ambiguities in target 
blip positions on the screen. Range sweep displacement, im accorcance with the 
lav of antenna rotation or the scanning (rocking) of its radiat.on pattern, will 
accur for measurement of angular coordinates. Target video pulses are fed from 

wm the receiver output either to the CRT deflection yoke or to its control electrode 
(cathode). In the former case, target blips are received in the form of electron 
Seam excursions (amplitude siqna) display) and, in the latter, in the farm of 
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bright marks (brightness signal display). The amplitude display is used when 

linear sweeps are used, and the brightness display when tyo-dimensional sweeps 
ve are used. Coordinates are determined either from graphic scales or (more accurately) 
pois from electronic scales. The latter are created with the aid of scale mark calibration 


pulses. These pulses are generuted in the synchronizer with repetition frequency 


et ey EES 


Fy. carresponding to the value of the scale marks. 


Automatic tracking systems are intended for automatic measurement of present 
as position deta, These systems aGperate as closed automatic control systems -- servos. 


er ar nae 


The measurement method selected for a given coordincte determines system design. 


aera 


Measurement of range (slant range) to the target r always will be accomplished 
from lag time th of the echo pulse relative to the outgoing pulse (Figure I.5). 
This time for an RLS with a passive response, i. e., operating from pulses reflected 
from the target, is linked with range by the simple ratio 


(1.7) 


raat, 


where C = 3 x 108 meters per second, the velocity of radio wave propagatijn. 
An electronic servo automatically measurine lag time f is used for automatic 

range tracking. The idea of this system's operation is explained in Figure I.6. 

Syne puises (1.6a) and target video pulses (I.6b) are fed to the system input. 

A pair 2f strobe (tracking) pulses (“igure I.6c) one after the other, as well 

as an outyut (measuring) pulse coinciding with the axis of symmetry of the /18 

strobe pulse pair (Figure [.6d), are generated in the system for each repetition 


period. 





Figure 1.6. For the Automatic Range Tracking Principle: (a) -= Syne 
pulses; (b) — Target video pulses; (c) -—- Strobe pulses; (d) -- Output 
(measuring) pulses. 


The target pulse's axis of symmetry in each repetition period lags relative 
to the syne pulse by u time proportional, in accordance with (I.7), to the true 
range to the target,* while the strobe pulse pair's axis of symmetery lags by 
time bs proportional to the range value measured and issued by the system. The 
strobe pulse delay by time t. is supplied by the system's constant delay circuit, 


which controls tne moment the st.obe pulse generator is triggered. 


The autumatic tracking principle will comprise automatic tracking of target 
pulses by the strobe pulse pairs (and by the measuring pulses as well). During 
this tracking process, difference \f,=t,—¢ , which is the automatic tracking 
time error, strives towards zero, i. e., ¢-»¢ <= the range value supplied 
by the system will strive towards true range. Target pulse tracking by strobe 
pulses vill occur due to the action of the voltage of error signal uco~ At, generated 
by a time discriminator, the system's sensing element. This discriminator will 
comprise a tyo-channel coincidence circuit and a difference circuit. The former 
generates tva pulse valtages, whose amplitudes are proportional to areas of coin- 
cidence S) and 55 of each strobe pulse with the tarnet pulse (Figure I1.6b). Com- 
aes parison of these voltages will occur in the latter and a voltage proportional 
to cifference §.—S., 1. e. e., to tracking time error y;;~S —S  , is generated, 
while the polarity of this voltage corresponds tc the error sign. 


circuit's output voltage also is error signal voltage since it will comtzin in- 
this voltage also is /19 


The difference 


formation on the tracking magnitude and error sign. 
controlled by the variable delay circuit, which displaces the strobe pulses (measures 


*“yith a constant error equal to half the target pulse duration (Figure 1.5). 
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t 
time t.) in the direction of error at. teduction, i. e., immediately Following 


the target pulses*. 


Initiation of target tracking (target lock-on) requires a certain rough strobe 
pulse-target pulse coincidence, if only that voltage “co appears at the discriminator 
output, Under influence of this voltage, the strobe pulses will begin to displace 
in the requisite direction. This coincidence will occur either automatically 
due Co periodic displacement of the strobe pulses within the limits of period 

T, of the so-called search circuit or visually with the aid of a display. In 
tne latter case, an electronic range mark reflecting the position of the strabe 
pulses is created, along with the target blips, on the display. The pulses for 
receipt of this mark are generated simultaneously with the strabe pulses in the 
automatic tracking system. Controlling the constant delay circuit manually, the 
electronic range mark (and, consequently, the strobe pulses) must coincide with 
the target pulse in order for the automatic tracking system to lock on the target. 





Figure 1.7. For Periodic Sector Scan With a Fan Beam. 


Gate pulses supplied to the receiver also are generated along with the strobe 
pulses (Figure I.5f). 


Automatic angular coordinate tracking can be accomplished through automatic 
guidance of the antenna's geometric axis to the target. A servo (contained in 
the antenna control system), which reacts to a deviatior of the antenna's axis 





*The difference circuit's output voltage is detected beforehand and is integr:ted 
to create the requisite tracking system dynamic properties. 


24 








from the target bearing and automatically corrects this deviation by turning the 


antenna, is used for this purpose. 


Some RLS employ a periodic fan beam sector scan. Here, angular coordinate 
determination is accamolished in the tipping plane by measurement of time intervals, 
i. @., the identical methods used to determine range. This scanning systen for 
the vertical plane is explained in Figure [.7, where ‘\.- -- scan sector, 4, 

-- fan beam angle in the scan plane (the beam will flatten in this plane, but 

is broad in the mutually-perpendicular plane), QO' -- b:am axis (bearing of maximum 
radiation and reception), OA -~ bearing ta the target. Scanning will occur /20 

in accordance with the sawtooth law: a beam displaces vith constant rate Qcx 

From the lover (initial) edge of sector Jcx k ta the upper edge (forward motion 
of the beam), then returns rapidly (beam retrace). Ta-get signals will arise 
during the scan process only during target paint time ‘oo, , i. @., during the 
time the target is located within the boundaries of beam angle 4x. Beam angle 

Sex and scan rate 2ex are selected so that a series (packet) of echo pulses 
‘46a-T, will arrive during that time from the target. 





Figure 1.8. For Angular Coordinate Measurement During Periodic 
Sector Scan. (a) — Beam scan law; (6) — Target pulses at receiver 
output; (c) -- Angular reference pulses. 


The mechanism for forming the packets and obtaining information about ‘target 
angular coordinate 9a is explained in Figure I.8. The sawtooth law of beam scanniny 
over time is depicted in Figure [.8a. The solid sloping lines depict the law oe 
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of angle change ¥en between the lower edge of sector -k« and the beam axis during 
the time of its forward motion Tne , yvhile the parallel dotted lines with periods 
show displacement of the upper and lover edges of the beam for this time. The 
dotted line indicates the beam's retrace since, during retrace time [,, , 

the RLS transmitter is blanked (shut off) to avoid ambiguity in target cocrdinate 
determination. Packets of target video pulses arising during time ‘oa 

at the receiver output and, consequently, having duration 7 .2/,,, 5 are depicted 
in Figure I.8b. The form of the envelope of each packet is determined by the 
radiation diagram in the scanning plane, while the center of the packet (its 
amplitude) arises exactly at the moment the beam's axis coincides with the bearing 
to the target, i. e., when %n™%r . Therefore, given a constant scan rate, /21 
the coordinate of the target, computed from the lower edge of the scan sector, 
turns out each time to be proportional to time interval ‘4, between the moment 

of initiation of the beam's forward motion and the center of the packet: 


Bq = Qeel,. (1.8) 


Angular reference pulses (Figure I.8c), which coincide with the beginnings 
of the beam's forvard motion, will serve to fix the moments of the initiation 
of the counting of intervals ‘ .* 


An electronic servo analogous to the automatic range tracking system and 
the system automatically measuring intervals ¢ may be used for automatic angular 
coordinate tracking in this case. The strobe pulse pairs in such a system are 
generated with Frequency scanning and, under the influence of error signal voltage, 
track the pulse packet centers.** Angular gate pulses, which are supplied to 
the .eceiver and provide an additional target signal time selection based on angular 
coordinate by means of opening the UPCh only during the time of passage of the 
pulse packet from the selected target, may be generated simultaneously with the 
strobe pulse pairs. 





*Reference pulses, as well as those blanking the transmitter, are generated 
with Frequency scanning by an additional angular synchronizer, which controls 
the scan mechanism, at the station. 


**Angular strobe pulse duration must be compatible with packet duration my , 
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EXERCISE I.1 


a) Prove formula (1.7). Oerive the formula for range determination when 


using an RLS with active response. 


b) Toe avoid range ambiguity, an echo pulse must be received before the next 
outgoing pulse is radiated (see Figure 1.5). From this condition, what is the 


maximum RLS range if period T.e=A ysec? 


c) There are three targets at T= 73, Tr) = 85, and T; = 100 kilometers 
in the sector of coverage of an RLS with passive response. What must be the delay 
time of the gate pulses (relative to the outgoing pulses) in order that only the 
pulses from the second target pass to the receiver output? How is gate pulse 


duration determined ? 


d) The least distance betveen two targets with identical angular coordinates 
Meee. at which individual measurement to each target is still possible, is referred 
to as RLS range resolution. How is va.ue wee determined when measuring range 
From the display and from the automatic tracking systim (see Figure 1.6)? 


e) What must the repetition frequency of calibrating pulses equal to create 
S-kilometer electronic scale range marks on the display? 


f) Periodic sector coverage will take place (Figures I.7 and 1.8). Oetermine 
the number of pulses in a packet i scanning sector \.-=%#" , scanning frequency 
f.-.0 Hz, beam retrace time 7..©19 ms, beam angle %.=2, and pulse repetition 
frequency f.=2% kHz. What will target angilar coordinate §.. equal if interval 


', "32 usec? (Page 443) 


§ 3. STANDARD SIGNAL CONVERTERS IN RADAR STATION PULSE DEVICES. REVIEW OF 
ELEMENTARY PULSE CIRCUITS 


It follows from examination of a pulse racar station's structural diagram 
that both video and r-f pulses operate in its circuits. The following will comprise 
the r-f pulse activity sphere, which is referred to as the radar station's RF 
section: microvave oscillator, antenna-wave guide system, and the receiver HF 
stages up to the det>-tor, inclusive. The following will comprise the video pulse 
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activity sphere, which is referred to as the radar station's a.f. section: 
transmitter synchronizer, driver, and modulacor, receiver video amplifier, displays, 
and automatic tracking systems. These RLS units are pulse devices in the sense 
that they almost entirely will comprise circuits for receipt, formation, and change 


of video pulse parameters and their trains.* 


The following are standard signal conversions in pulse devices: pulse 
generation, pulse shortening (differentiation) and stretching (integration), pulse 
expansion with retention of their form, pulse amplification (increasing the 
amplitude), pulse inversion (changing the polarity), holding or changing the initial 
level of pulses (level of voltage during resting times), pulse clipping ("shearing" 
the peak), pulse time delay, pulse frequency repetition division, formation of 
sawtooth (linearly-changing) voltages or currents. 


The concept of these conversions is explained in Figure [.9, in which example 
diagrams depict several basic voltages in an RLS synchronizer and range display. 
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Figure [.9. Several Svandard Signal Conversions in Pulse Devices. 





*Several other RLS devices such as the receiver automatic amplification regulation 
aa system, a.f. noise-suppression system, and so on also are pulse devices. 
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Diagram a depicts a harmonic voltage generated in the synchronizer by a master 


sine wave self-excited oscillator. Diagram b depicts periodic voltage of almost 
trapezoidal form abtained by upper and lower clipping of voltage a. Diagramec 
depicts short bipolar pulses of exponentiai form obtained by differentiation of 
voltage b; the repetition frequency of resultant pulses of one (positive, for 
example) polarity equals the frequency of the initial harmonic voltage. “iagram 
d depicts pulses obtained after repetition frequency division of the positive 
pulses in diagram c into a whole number once; the repetition period of these 
pulses supplies station outgoing pulse repetition period 7, . Diagram e depicts 
synchronizer output pulses obtained through amplification and inversion of the 

d pulses. Diagram f depicts square pulses formed in a display by expansion of 
the e pulses; the duration of these pulses supplies the duration of display sweep 
retrace. %iagram g depicts square pulses obtained through displacement of /23 
the pulse f initial level (a change in the direct component). Diagram h depicts 
sweep savtooth voltage obtained with the aid of the g eu'ses. Diagram i depicts 
pulses obtained as a result of pulse f differentiation Oiagram j depicts sweep 
forvard motion intensifier pulses; the duration of these pulses corresponds ta 
the intervals between negative i and e pulses. Diagram k depicts pulses delayed 
by time t. relative to the e pulses. These pulses deters.ne the position of the 
electronic range mark. DOelay time t. corresponds tu the range tc the target and 
is supplied by the operator with the aid of control vaitage u,..~2; (ve assume 
that there is ro automatic range tracking system). Diagram 1 depicts the range 
mark pulses formed from the k pulses. 


Standard signal conversions are made by elementary pulse circuits of the 


following basic types. 


1) Linear R-C, R14, and R4-C corrective netvorks, including: 

-- pulse modulator capacitance and inductive corrective networks; 

= an R-C and an R-L integrator for pulse stretching, voltage 

pulsation filtration, and a number of other purposes; 124 
-- 3 differentiating R-C network and R-L network for pulse shortening; 
-- transient R-C networks and pulse transformers for undistorted transmission 

of the pulse voltage alternating component and isolation (separation) of stages 

or networks based on the direct component; 
— shock-excitation tuned circuits mainly used for shaping a series of pulses 


with a stable repetiticn frequency; 
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-~ artificial lines used to bring the pulse celay over time to a fixed time, 


as well as for shaping of pulses of a strictly-determined duration. 


2) Video pulse amplifiers. Pulse amplification often is accompanied by 
a change in tneir polarity. In this event, amplifiers are referred to as 
amplifier-inverters. If pulse polarity is retained during amplification, the 
amplifiers are referred to as repeaters. 


3) Level holds (de restorers), which insure the change and clamping of the 
pulse initial level. ‘ 

4) Limiters, used to restrict the magnitude of pulse voltage, either cn 
one side (unilateral limiters) cr simultaneously from both sides (bilateral limiters). 

5) Square-wave generators. Pulse generators can operate in both a free~running 
and monostable mode. In the former, the generator independently generates a periodic 
train of video pulses, 3ll of whose parameters determined by the generator's own 
circuitry. In the latter case, the generator is controlled (enabled) by short 
external pulses and generates pulses of long duratinn, determined either by the 
parameters of the generator's own circuitry or by the intervals between two external 
pulses. 

6) Pulse repetition frequency dividers, which are pulse generators gererating 
pulses less frequently by a whole mumber than the external pulses with the initial 
repetition frequency supplied to them. 

7) Sawtooth voltage or current generators, which, like pulse generators, 
can operate either in the free-running mode or be controlled by external pulses. 

The complexity of these generators’ circuitry depends on the sawtooth voltage 
(current) linearity requirements. 

8) Pulse variable time delay circuitry. These circuits are enabled by external 
pulses and are sawtooth voltage generators with forward motion duration (linear 
sector) regulated depending on control valtage magnitude, at the end of which /25 
output (delay) pulses are generated. 


In addition, a series of circuits used for simple functional pulse conversion 
are used widely in pulse devices. They include: 

= coincidence circuits measuring the time of coincidence (mutual overlap) 
of two pulses; 

-- difference circuits comparing the amplitude of two pulses; 
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-- level comparison circuits fixing the moments of equality of two voitages; 
— pulse counters. 


EXERCISE 1.2 


From the aforementioned elementary pulse circuits, compile a functional diagram 
of a synchronizer and range display corresponding to the curves depicted in Figure 
I.9, (Page 444) 


caren gee, 
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CHAPTER II /26 


R-C, RL, AND R-L-C CORRECTIVE NETWORKS 
es Ps § 1. TRANSIENT PROCESSES IN R-C AND R-L NETWORKS 

1. Charge and Discharge of a Capacitor Across a Resistance 

We will examine the circuit shown in Figure II.1. We will assume that, at 
moment in time t' = 0, initial voltage at the capacitor is absent (u, (0) = Q) 
and switch K will be thrown to position 1. From this moment, charging of the 
capacitor will begin from constant voltage source E. Charge current i, will 
pass across circuit +£, switch K, capacitor C, resistance* R, -€. In accordance 


wich Kirchoff's seond law, for this circuit the following condition must be met 


tS s.. E =e tty + te. (11.1) s 


Since apmiP, 4m CS » this condition is written in the form of differentia! 
equation 


Em RCT + tg (1I.1a) : 





“The term "resistance" is used throughout this book. It would be more precise “a 
to use the term "resistor" in those instances where th= discussion involves an s. 
element of an electrical circuit, rather than a property. Last 
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Figure IIl.l1. Capacitor Charge and Discharge Circuit Across a Resistance. 
whose solution is expression 
f at 
Uc=m El —e r) (11.2) 


where <=@RC -- circuit time constant (see ratios XI.9 and XI.12). 


Differentiating (11.2), we will get the expression for the discharge current 


t t 
ie Ste be ‘mle *, (11.3) 
: consequently, voltage ta resistances R equals 27 
ie 
tp mi,R = Ee =e (II.4) 


The curves for functions (11.2), (11.3), and (11.4) are constructed in Figure 
- If 2a and are exponential curves (see Attachment 3, Figure 6). 


We will explain the results obtained. 
At moment t' = 0, voltage u. remains equal to zero, Since voltage jumps in 
a capacitor physically are impossible (see Attachment 2). Gut, when Ue = 0 in 
accordance with (II.1), source voltage turns out to be applied fully to resistance 
R. Therefore, at the initial moment, voltage 4, , and, Consequently, current 
4, as well, are maximum and correspondingly equal un(M) =F, £,(0) = =/a5 ‘ 
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11.2... Voltage and Curr pk Curyes in an R-C Network. (a) -- 
he capacitor is charging; fo -—- As the capacitor is discharging. 





Further, as current #& flows due to accumulation of charges on the capacitor's 
plate, valtage uc gradually increases. The rate of increase of this voltage ws 


is proportional to the capacitor charge voltage magnitude at a given moment in ae 
time: Ae : : 
aa, bn t 7 
=r =t- (11.5) 
But, iat or, considering (II.1) /28 7 Y 
ba ees (11.6) 


This ratio reflects the fact that, in the capacitor charge circuit, voltage 
u_ turns out to be connected in opposition to source voltage £, i. e., it counteracts 
the latter. Therefore, to increase voltage Une current t, , and, consequently, 
voltage u, as well, diminish. But, dimunition of current magnitude will lead, 
in accordance with (II.5) to a decrease in the rate of voltage u, increase. This, 
in accordance with (11.6), in turn will retard the decrease in current i, and oe 
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voltage 4a . Thus, the increase in voltage u, and decrease in current ‘' and 


voltage “n will occur at a continually-decreasing rate. 


Since voltage in the capacitor due to its charge increases ever more slowly, 
it reaches set value u-=& only when (tao (it is evident that the capacitor 
is unable to charge itself to a greater voltage). Heve,E —ue=0, i;(20) 0, uni) =0 , 
Now, we will assume that, up to certain moment in time t", capacitor C succeeded 
in charging itself to voltage Cl=Uc(U,<E and, at that moment, switch K (Figure 
II.1) will change to position 2. For (ne sake of simplicity, we will take moment 
t" as the initial moment (t" = 0). At tnat moment, external voltage source E 
disconnects and capacitor C plates are connected together across resistance R, 
resulting in the capacitor starting to discharge across the resistance. Discharge 
current ‘% passes through the circuit: capacitor C "plus" plate, switch K, 
resistance R, capacitor "minus" plate. In accordance with Kirchhoff's second 


law, the following condition must be met for this circuit 


Uc + Up =20, (II.7) 


: c Ate 
where ug=t,R, i, mig = Cz. 


Therefore, the circuit's differential equation will be written 


du, ; “ . 
uo- RC = » and its solution will be 


‘ 
uc=Ucge *, elise) 
where <=RC -- circuit time constant.* 
Differentiating (11.8), we will get for discharge current 
t = (11.9) 
a Cen 77 
pa Caeeniaee Tae * 


—_— 


*See ratios (XI.9, XI.11). 





‘ . : ae . 
s - UNE: i \ a 
| 
Consequently, voltage at resistance R equals /29 
wk 
Ugsi R= —Liee *. (11.10) 
» The minus sign in expressions (II.9) and (II.10) indicates that current direction 


in the circuit and, therefore, voltage “* polarity during capacitor discharge, 
are opposed to those created during its charge. The curves of exponential functions 
(11.8), (11.9), and (11.10) are depicted in Figure II.2b and can be explained 


in the following manner. 


At the initial moment in time (7 mO)uc = Ucswhile discharge current 
and voltage 4a are maximum: Gaur. 'g=x—U, « Due to capacitor discharge, 
voltage un gradualiy decreases at a rate proportional to the current magnitude: 

A: Glatz . But, based on (11.7) 
ee i ==. 


Therefore, a voltage Uy decrease elicits a decrease in current i, and voltage 
Ua. decrease. A current /, magnitude decrease will lead to a decrease in the voltage 
Ue decrease rate, which in turn retards the decrease in the current i, and voltage 
ua magnitude. Here, at any mament in time, based on (11.7), equality ua=—uc 
is fulfilled. The discharge process concludes where fama. when u, = O (capacitor 


completely discharged), therefore {,,00) =0; uq(oo) =0 - 


The duration of the transient processes in an R-C network, in accordance 


with (XI.15), can be accepted in practice as equalling 


er ro 


(II.11) 
where “=RC. 
EXERCISE II.1 


Draw the curves of voltage Uns current i, , and voltage uw, from F igure 


II.2a. Construct on these graphs curves 4c , « , and “ if source voltage 
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© decreases by a factor of 2; capacitance C increases by factor of 2; resistance 
R decreases by a factor of 2. (Page 444) 


2. Charge and Discharge of an Inductance Across a Resistance 


& We will examine the circuit shown in Figure [!.3. We assume that, at moment 
t' = 0, current in the inductance is absent i,(0)=0 and switch K will be placed 
in position 1. At that moment, discharge of inductance L begins from constant 
valtage source E by current i,=i(, across circuit: +£, switch K, inductance L, 
resistance R, -E. 


Se dew t 


ae {In accordance vith Kirchhoff's second law, for this circuit 
Emig t+ ay (11.12) 


substitutirguy,ari, u,=d a, in this equality, we ace the circuit's 730 
ge differential equation in the form 


Earl, (IL.12a) 
and its solution 
, ¢ na 
im Blt me eile ah (11.13) 


where = — circuit's time constant; 


= <4 -- discharge current amplitude. 


Voltage u_ changes proportionally ta the current: 


3) (11.14) 


ape Rac —e 
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Figure I1.3. Inductance Charge and Discharge Circuit Across a Resistance. 


while voltage in the inductance equals 


aja 


diy ce” 
aah aa (11.15) 


The curves of exponential functions (11.13), (11.14), and (11.15) are constructed 
in Figure II.4a and can be explained in the following manner. 


Using equality (11.12) and the expressions for voltages uw, =l=2 and 
Uy = LR, , we will get 





+33 (11.16) 


Since current jumps physically are impossible in an inductance (see Attachment 


2), at moment, 2 =. yay ve = and the source voltage turn out to be acplied 
completely to the inductance « sihal . Self-induction electromotive /31 

= dt 
force (emf] v¢, »2—u, w= —-L—- , which at moment t' is maximum (e,(0)=—£)*, 


opposes an increase in current. 





“We will recall that, in accordance with the Lenz rule, given any change in 
surrent passing across an inductance, self-induction emf arises in it opposing 
this change; this emf is balanced by voltage wer. 
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Figure 11.4. Curves of Current and Voltage in an R-C Network. (a) ~ 
During Inductance Charge; (b) -- During Inductance Discharge. 


Here, current growth rate (3),.= =f also is maximum, Then, due to the 
current i, increase, the rate of its increase and voltage Uy decrease in accordance 
with (11.16). Samultaneously, the rise in voltage uy, and the voltage ,=/,R 
rate of decrease are slowed, In the constraint where -+« , the current increase 
ceases and it reaches amplitude magnitude /. = ao « Here, uq(s0) @E, uz (co) =0 
— the source voltage is balanced completely by the voltage drop in the /32 
resistance. 


We will assume now that, at moment t" follaving achievement by current {, 
of a certain value Rah(h <F) » Switch K will transfer to position 2. Since 
the external voltage source here is disconnected, while theR=-L network is 
short-circuited, discharge of the inductance begins. 


We now for simplicity will accept the moment of discharge initiation as initial 
moment t" = Q, 


, 
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This condition must be fulfilled during the discharge process 


Up~u, =0, (11.17) 


from whence the network's differential equation will be written Reb ay 
7; , 


while its solution will be 


i pet (11.18) 
? . 


pes where <+=-3 -- circuit time constant. 
Based on an analogous law, voltage 4a also will change: 
[ee atk 
2 ff a Up =i,R = /,Re y (II.19) 
io The voltage in the inductance equals 
care at at 
up =L—* =—/Re a (II.20) 
i. e., and as follows from (11.17),u.=—ur. . 
ee : The curves of exponential functions (11.18), (11.19), and (11.20) are presented 
ee : in Figure I1.4b and can be explained in the following manner. Self-induction 
wr ost emf ¢.=—u,, arising due to energy stored in a magnetic field, opposes a decrease 
ara in current ij*i, during the discharge process. Here, since self-induction emf 
changes its polarity (derivative = during a current decrease vill become negative), 
the sign of voltage 4, also changes. At initial moment i,=/, (current jumps 
are impossible in an inductance), u,=/,R aNd y,—=—/.R » is @., Self-induction 
emf, and, consequently, current decrease rate, are maximum. A subsequent current 
decrease in connection with gradual consumption of the stored electromagnetic 
: energy (with its conversion into thermal energy in resistance R) will lead to 
a decrease in the magnitude of voltages usa=—u, , i. e., to a decrease in 
* self-induction emf and current decrease rate. Under the constraint where 
1 di, : ; 
tmaazes Uy (wv) me gs we) mJ, ipl =U 
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The duration of the transient processes in an k-L network as usual can /33 


in practice be accepted in accordance with (XI.15) as 


t == 3s, 
wm = 3 (11.21) 


where += & . 


FXERCISE II.2 


Oraw the curves of current % and veltages se and uw, from Figure I1.4b. 


Construct on these graphs the curves for % , wu, , and & 
Explain the results obtained. (Page 446) 


» if resistance R 


is increased by a factor of 2. 
3. Principles of Pulse Madulator Operation 


The modulator at a pulse RLS is part of the transmitter and shapes powerful 


modulating video pulses (see Figure 1.4). These pulses usually are used as microwave 


oscillator plate voltage (this type of pulse modulation is referred to as plate 


pulse modulation). 





Figure [I.5. Pulse Modulator Structural Diagram. (a) -- Driver pulses; 
(b) —- Limiter; (c) — Commutating device; (d) -—— Feed source; (e) -- Energy 
integrator; (f) -- Microwave oscillator. 


A simplified structural diagram of a pulse modulater is presented in Figure 
energy integrator, power limiter, and 


II.5 and includes three basic elements: 
The overall principle 


commutating device, which controls the driver video pulses. 


of modulator operation is as follows. The commutating device disconnects the 


energy integrator from the microwave oscillator during resting times between pulses. 
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The oscillator does not operate here since it lacks plate voltage (u, = OQ). At 


that moment, tho one-.gyv intearator is charged from the feed source across the 
limiter. The iact.: Usnchesins tne power ennsimed from the source to the magnitude 
nominal for that source. However, since charge timc, civen a large nulse duty 


- 


ratio Qa, vet » occupies an overwhelming portion of the pulse repetition 


period, sufficient energy is stored in the integrator. 


The commutating device connects the microwave oscillator to the integrator 
for a time equal to pulse duration 4% . The integrator rapidly discharges to /34 
the microwave oscillator (there is no pover limiter in the discharge circuit), 
supplying it the energy accumulated during the resting time. This energy also 
is converted by the microwave oscillator into a powerful outgoing r-f pulse. 


Thus, modulator operation is based cn the transient processes of energy 
integrator charge and discharge. These transient processes must flow in a manner 
that meets the following conditions: 

-— amplitude of the modulating video pulse Us at a given feed source voltage 
E. must be as great as possible; 

-—- the form of the modulating video pulses must be as close to square as 
possible; 

-~ energy losses in the charge and discharge circuit must be minimal, i. e., 
modulator efficiency must be as high as possible. 


A resistance or inductance is used as power limiter in the integrator charge 
circuit. Modulator tubes usually play the role of commutating device. A high-valtage 
transmitter rectifier is the feed saurce. A capacitor or inductance (choke) may 
be used as the energy integrator, the modulator's basic element.* 


A simplified circuit for a modulator with a capacitive energy integrator 
is depicted in Figure [[.6a. In this circuit, Ro -- limiting resistance, ¢.. 
-- reservoir capacitor, the commutating device is depicted in the form of switch 
K with internal resistance /“., 2. — internal resistance of the microwave generator 





*An artificial long line also may be used as energy integrator. 
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smay Figure 13.6. Modulator Simplified Circuits: (a) -— With capacitive 
ve energy integrator; (b) -— With inductive energy integrator. 


in its operating made (point a corresponds to plate, while point k to the generator's 
cathode). 


Switch K will be open during resting times between pulses and capacitor 
will charge from the constant voltage E, source; switch K closes during a /35 
pulse and capacitor C, vill discharge to the microwave generator. 


Modulator operation is explained by the curves in Figure II.7. When the 
modulator is connected tu the feed source, capacitor C, must charge completely. 

Here, voltage u, increases by exponent (II.2) from zero to valueUcwasevith constant 
charge circuit time -.—”:C, , while charge current drops by exponent (11.3) with 
the identical time constant from maximum value /, == to zero. 

The capacitor will discharge to the oscillator with time constant =.= !R, -RIC. 
when switch K closes, Voltage us drops during the discharge process by exponent 
(11.8) from value { .a- with time constant ~: ; based on the same law (II.9)discharge 
current «,.drops with a jump arising at the moment the switch closes. This current's 


2 erent ne 
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Figure 11.7. Curves of Currents and Voltages in a Modulator 
with a Capacitive Energy 'ntegrator. 


amplitude equals tee - A pulse of plate voltage Ug=ipR, with amplitude /36 
UL, =1R, = Re ee arises when discharge current flows in the oscillator. 
In order for this amplitude to be as great as possible, two things are required. 


First, essentially full charge of the capacitor mist be insured during resting 
Ne . times between pulses. Second, the commutating device must have low internal 
haere: resistance. Consequently, the following ratios must be provided: <<, (here, 
Creme= =F ) and R08, (here, "selec ean, )> 


Parents 
8s ete 


By the end of the pulse, voltage in the capacitor decreases to value Ucwss , 
ie @., to magnitude AWesl'cyene—Ucus « ACCordingly, current 4 decreases during 
the pulse and plate voltage decreases to magnitude \/',=\l'. (peak of the shaped 
pulse). 


A simplified circuit for a moduiator with an inductive energy integrator 
is depicted in Figure I1.6b. In this circuit, R, -— Limiting resistance, which 
includes the internal resistance of the commutating device, switch K, within it, 


Oe + eee ee 





&, Ly -- accumulating choke, Re .. microwave oscillator internal resistance in 
its operating made. Switch K closes during resting times between pulses and the 
choke is charged from the voltage ES source; switch K opens during the time of 
the pulse, resulting in discharge of the choke to the microwave oscillator. 


™ A special feature of the circuit with an inductive energy integrator is the 
capability of using a low-voltage feed source since, given appropriate selection 
of circuit parameters, the amplitude of the plate voltage Us pulses may exceed 


source voltage ES greatly. 


saptewermig At 





Figure 11.8. Curves of the Current and Voltage in a Modulator 
with an Inductive Energy Integrator. 


The curves in Figure II.8 explain the operation of the modulator. Choke 
La will be charged completely when the modulator is connected to the feed source 
and switch K closes. Here, charge current =. increases from zero to maximum 


: 2 
<. e oe 


value Lae by exponent (II.13) with charge circuit time constant “= Zr . 
Voltage :,=—u, at the first moment is maximum and equals ey but then decreases 


by law (11.15) with the identical time constant. Since in the charge process 
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plate voltage us is applied as a "minus" to the oscillator plate (point a in F igure 
II.6b), it does not operate (its internal resistance equals infinity). Therefore, 
connection of the oscillator to the choke does not exert any influence in the —_~— 


charge process. 


The choke begins to discharge ta the oscillator the moment switch K opens. 
Hecoe, current ic begins to decrease by law (II.18) from value /< with time constant apa 
2? =". Voltage 4, changes its polarity in connection with a change in the sign . 
of derivative ae and, with a jump, reaches an amplitude value that is equal /37 
to Uy SU aI, SEH « Further, voltages 4t and 4s decrease in connection 


with the current (, decrease in magnitude with identical time constant % . 


Therefore, its peak decreases to magnitude \U,=\/,R;. during the time of the pulse. 
A modulator shortcoming is its low efficiency, which results from passage of large , 
current i,=/, (given low /, ) across resistance R, during the entire resting 


time. 
EXERCISE II.3 ee 


a) Stemming from the law of energy retention, find the ratio between the 
transmitter'’s pulse and average power. > 


b) How should the parameters of a modulator with a capacitive integrator 
be selected.to reduce the decrease in pulse peak (see Figure 11.7)? How vill 
this impact upon modulator efficiency and pulse energy? 


c) What ratios must be established with an inductive integrator to shape 
pulses vith amplitude :,°-&: and slight peak decrease 1t'. ? At what pulse duty 
ratio can these ratios be established? (Page 447) . 


§ 2. BASIC R-C AND R-L NETWORK TYPES /38 


1. Action of a Square Pulse on an R-C Network. Basic R-C Network Types 


Figure II.9 presents a depiction of an R-C network and the curves of voltages 
us and 4 vhen affected by a square pulse with amplitude U and duration “& it 
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Effect af a Square Pulse on an R-C Network. (d) -— For. 





Figure II.9. 


its input. These curves are constructed for tvo values of network time constant 
2=RC : 4-lt and +:>4#, are easily obtained from Figures [I.1 and II.2 

if one considers that the pulse porch acts at moment t' (switch K in Figure II.1 

will transfer to position 1), with its droop at moment M=f/+t, (switch K vill 

transfer ta position 2). Actually, given the effect of the pulse porch acted 

upon by voltage us=U , capacitor C begins ta charge, which is equivalent (in 

Figure [i.1) to charge C from the constant voltage &=" source. Under the effect 

of the pulse droop ws.=0 , capacitor C hegins ta be completely charged across 

the input voltage source; if you take the source resistance as being zero, then : 

this is equivalent (in Figure II.1} ta an R-C network short circuit. - 


Thus, the curves in Figure I1.9 may be cbtained by coincidence of moment 


t" for the curves in Figures I1.2a and II.2b. 


If you accept voltage from capacitor C uyy,ue, as Circuit output voltace, 
then the circuit diagram is depicted in accordance with Figure II.lla. In accordance 
with Figure I1.9>, a pulse with a stretched exponential porch and droop is obtained 
at the output af such a netvork. The duration of this pulse will be greater and 
its amplitude lesser the greater the network's time constant. 


Assuming in network equation (II.la) Ew ex, Yow Uens, KOs for random input 


voltage and capacitor output, we will get 


(11.22) 


Zar oy me i 


at Cee as: 
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Given 


Fusur 
TP eet (11.23) 


from equation (11.22) follows 


Z4eue 
eae oe 


or 
fo 
Baan > | Hoa dt (11.23a) 


--output voltage is proportional to the integral from the input voltac2. Therefore, 
an R-C network with a capacitor outaut (Figure II.lla) is called an integrator. 


Given 


cet <2... (11.24) 


from equatiun (II.22) follows 


Byun FE Wye (11.24a) 

Condition (11.23) is characterized by a fast, and candition (II.24) by a 
slow, function Yeus(t}. Consequently, the network integrates fast functions, high- 
frequency pulse spectrum harmonics in particular, better than it docs slow functions, 
low-frequency pulse spectrum harmonics in particular. Integration in accordance 
with (11.23) for given signal form «,,; viil occur more precisely the greater the 
time constant : . However, as follows from (I1.23a), output voltage magnitude 
decreases as <= increases. Consequently, the more precise the integration effect, 
the less it is.* Therefore, an amplitude condition of approximate integration 





“For this reason, an R-C integrator almost alvays is used in practice, not 
for mathematical integration of input voltages, but for other purposes invalving 
approximate integrating action of the network (see Chapter II, § 3). 
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is 
Zl (11.25) 


Considering that voltage us:i=4- under the effect of the input signal's porch 
increases gradually, the folloving approximate integration time condition  /¢0 


corresponds to ineauality (11.25) 


peas (11.26) 


-? 


where t -~ duration of the integration process. 


In particular, the following is a condition for approximate integration of 


a pulse of curation te 


tot (II.26a) 
This is confirmed by the curves in Figure II.9b, from which it follows that only 
vhen t=77>% will approximate integration of a square pulse occur duriny the 


time it is active. 


If valtage Usus=ue with resistance R is uesza as network output voltage, 
then the netvork diagram is depicted in accordance with Figure [1.llb. Two shortened 
exponential pulses of varied poiarity arise at the moment of application of the 
input pulse's porch and droop given 771<:, at the output of such a network in 
accordance with Figure II.9c. But, given :==.>f, , there appears an almost square 
pulse of identical duration 4 with a peak decreasing according to the exponential 


lay and with an exponential “tail” of opposite polarity. 


Assuming Eau, RC=- for rancom input voltage in netyork equation (II.1la) 
and considering thatc™4ss — Unaccording to Kirchhoff's second law and, for this 


instance, 4na™Gu, , ve will get 


(11.27) 


PUoue 1 Cun 
at 


+ > Yous 





Given 


fun 1 
a ST Ms (11.28) 
™ Fram equation (11.27) follows 
tune (I1.28a) 





Yast at 


; — output voltage is proportional to the input valtage derivative. Therefore, 


an R-C netvork with a resistive ostput, given a sufficiently-low = value (see 


lemgincua te 
ALLE below) is calied a differentiating circuit. 


Given 


Meus 1 
TOP oT ee (11.29) 


st : 
from equation (11.27) follows 
Ugg May. (11.29a) 
Condition (11.28) characterizes a slow, while condition (11.29) a fast, function 
“aeitt, Consequently, the network differentiates slow functions, low-*requency 
pulse spectrum harmonics in particular, better than it: does fast functions, /41 
high=frequency pulse spectrum harmonics ir particular. In accordance with (11.28), 
; ees differentiation for the given form of signal 4s. will occur more precisely the 
: smaller time constant * is. Hovsever, as follows from (I1.28a), the output voltage 
iS ie Peer magnitude decreases vith a decrease in :. Consequently, the more precise the 
differentiation effect, the smaller it is.* Therefore, the condition of approximate 
differentiation based on the ratio of the magnitudes of voltages wer and “ews 


may be yritten in the form 


ga AE thy (13.30) 





“For this reason, a differentiating R-C netyork is used in practice, not fur 
mathematical input voltage differentiation, but only for pulse shortening (see 


Chapter II, § 4). 
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t 
i 
Considering that voltage Uai="e decays gradually under the e:fect of the 
input signal's porch, the Following approximate differentiation time condition : 
corresponds to inequality (17.30) 
1s (Is31) | 
vhere t -- duration of the differentiation process. : 
In particular, a condition of approximate differentiation of a pulse with ‘ 
duration % is ; 
t,t (II.31a) 


This is confirmed by tne curves in Figure II.9c, from which it follows that 
only vhen-=-,<!, does approximate differentiation of a square pulse occur. 


Given 


ee (11.32) 


equality (11.29) is accomplished and eure, i. e., this network supplies an 
output pulse almost witheut distortion, which is confirmed by the curve in Figure 
12.9c for s=m-7>te. Here, constant voltage is not transmitted across the network 
thanks to presence of capacitor UC. Therefore, the R-C network depicted in Figure 
Il.llb, when condition (11.32) is met, is called a transient or isolating netvark 
and is used for transmission of pulse signal alternating components from the output 
of one stage to the input of another and separation of these stages based on the 


direct component. 
2. Action of a Square Pulse cn an R-L Network. Basic R-L Netyork Types 


An R-L network ano the curves of voitages «, and «, under the effect of 
a square pulse vith amplitude U and duration “1 on its input are depicted in 
Figure [1.10. These curves also are constructed for two values of network time 
constant :-- : :<:, and - -'. . They are obtained easily from Figures /42 
12.3 and 11.4 if one considers that the pulse porch acts at monent t', its droop 
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Figure 11.10. Effect of a Square Pulse on an R-L Network. (c) - For. 


at moment ¢’=t’~t, , and pulse amplitude U = E and, if one disregards input pulse 
source resistance (given these conditions, it is sufficient cnly to match moment 


t” in Figures II.4a and I!.45}. 





Figure II.11. Basic Types of the Simplest Networks: (a) -- R-C 
integrator; (b) -- Differentiating or transient R-C network; (c) - 
R-L integrator; (d) — Differentiating R-L network. 


The network diagram is depicted in accordance with Figure II.lla if voitage 
Uewr ue with resistance R is used at the n-L network output voltage. The curves 
of the network's output voltage (Figure Ii.10b) in this instance correspond to 
the curves of vaitage uawewuc for an R-C network (Figure I1.9b). Therefore, 
based on an analogy with the R-C network depicted in Figure II.lla, this R-L network 
is am integrator, while the condition for approximate integration of a pulse with 
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~-— 


duration ta , just as for an R-C integrator, in accordance with (Ii.26a) (see 


the curves in Figure I1.10b), is 


<<. 


The network diagram is depicted in accordance witn Figure Il.lle if voltage 
Usus™4. yith inductance L is used as R-L network output voltage. The /43 
curves of the network's output voltage (Figure 1.109) in this case correspond 
to the curves of voltage 4a:=u, for an R-C network (Figure I1.9c). Therefore, 
by analogy with the R-C network depicted in Figure II.llb, this R-L netyork is 
a differentiating circuit, while the candition for approximate differentiation 
of a pulse with duration 4%. , just as for a differentiating R-C network, in accurdance 


with (II.3la) (see the curves in Figure I1.10c), is 
i>: 


In both cases, R-L network properties may be explained by analysis of equation 
(11.12a) and are analogous to the properties of corresponding R-C networks. 


EXERCISES I1.4 
a) Point out the R-C integrators in Figures I1.14, 11.16, III.18, and IXxX.4, 


b) Compute the time constant af the R-C network depicted in Figure II.l1b 
and determine the purpose of this network if C = 300 pF and R = 10 K§2 * 


c) Why can't the R-L network depicted in Figure Ii.lld be used as a transient 


network? (Page 447) 


§ 3. PRACTICAL USE OF R-C INTEGRATORS 
1. Obtaining a Linearly-Changing Voltage 


The only use for an R-C integrator (Figure II.lla), when its integrating 
properties are used in the mathematical sense, is to obtain voltages that change 


linearly over time. 





Retina kh ar reereernen 


ee erry once 





One must precisely integrate constant voltage u,,=E=const) to obtain a 


linearly-changing voltage: 


Beus 


t 
te £ 
Sa em (12,33) 


Actually, the output voltage of an R-C integrator changes in cannection 


t 
with the charge of a capacitor by the law of exponents rade Gee ee *) 
i. e., it is distinguished from a linearly-changing voltage (11.33) by magnitude 


Pe 
eltoe ?) Sas, . . : . 
eipiesliccs » vhich is an integration error and increases as time passes. 


Ratio (11.26) is a condition for approximate integration: ¢a¢- ; here, 


based an (XI.16) 


(II.33a) 





Figure 11.12. Use of an R-C Integrator to Obtain Linearly-Changing 
Voltage. 


This is explained in Figure 11.12, from which it is evident that only /44 
the initial sector of the output voltage may be used as linearly-changing voltage, 
while the linearity of this sector is better, the shorter it is compared to the 


Cizcuit's time constant. But here, the cutput voltage's maximum magnitude decreases: 


Oas mE. 
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2. Stretching Pulse Porches 


The form of the pulse arising at the output of an R-C integrator when a square 
pulse is supplied to its input is depicted in Figure |. 


Uex 
} 
ex 


.3 (also see Figure II.9b). 





sc 


Figure II.13. Stretching an R-C Integrator's Pulse. 
\ . 
Capacitor C will be charged across resistance R during the action of an input 


pulse for the time of its duration 4, , while complete discharge of the capacitor 
across this resistance vill occur after termination of the input pulse. 


Therefore, 

in accordance with (II.2) and (II.8), the output pulse's porch is described by 
} expression 
‘ 
\ wit! (11.34) 
peti Nese *), 

while its droop is expressed 

a, (11.35) 
Us =. purl ’ 
where s=2RC -- circuit time constant; /45 


On input pulse amplitude; 
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I ( _ ) 
Urn 1 eC. Sg (11.36) 
— output pulse amplitude. 


Thus, stretching of both the output pulse’s porch and droop will occur. 
Qutput pulse duration always exceeds that of the input pulse (fueur>!n) due to 
the stretching of the former's droop. Therefore, an R-C integrator operating 
in the mode described usually is called a stretching circuit. 


EXERCISE 11.5 


a) To what are porch and droop duration, as well as complete pulse duration 


at R-C integrator output, equal? 


b) Oraw the curves of R-C integrator output voltage when affected at its 
output by a square pulse with amplitude (.. and duration te=94 usec if circuit 
parameters are R=1k§Q, C= 1,000 pF; r= 2kS2, C= 200 pF; R= 2kS2, 

C = 0.006 uF. (Page 448) 





Figure 11.14. Variant for Using an R-C Integrator 
in a Coincidence Circuit. 








A variant for using the stretching properties of an R-C integrator in a 


coincidence circuit is depicted in Figure II1.14. The network comprises pentode 

L, which, in initial state, is blanked along the first and second grids ty positive 
bias « supplied to the cathode from divider Ri, Re . Therefore, the pentode 

opens for plate current only when there is simultaneous action (coincidence) of 
positive pulses in the pentode's first and second grids. The amplitude of pulses 
Yext and uUsrz must be sufficient for reliable opening of the pentode along the 
corresponding grids. A negative pulse of output (plate) voltage is created in 

the resistance of anode load Ro while the pentade is open. Short positive input 
pulses ‘a: with repetition period ‘«. are supplied across transient  /46 

circuit C3R, to the pentode's first grid. Positive square pulses “sr: , whose 
duration is tw=T,, and repetition period is Tw. , are supplied across isolating 
capacitor c, and integrator (stretching circuit) RAC, to the pentode's second 

grid. The job of the integrator is to separate only those pulses “sx. which coincide 
with the droop of pulses “mz (pulse 8 in Figure 11.14). 


If there is no R-C integrator, then pulse 4Ysxz would act upon the pentode's 
second grid without distortions. Here, first, false tripping of the circuit would 
be possible from A pulses cainciding with the pulse +02 porch, and, second, proper 
tripping of the circuit by B pulses would become unreliable. Thanks to the action 
of the R-C integrator, the porch and drop of the pulse of ils output voltage <2 
are stretched. Stretching ("tilting") the porch of this pulse rules out the circuit 
being tripped by A pulses, while stretching af the pulse's droop insures reliable 


circuit tripping by a 6 pulse. 
EXERCISE If.6 


Formulate the requirements for the magnitude of the time constant for integrator 
-#.0, , fulfillment of which is required for normal operation of the coincidence 


circuit under examination. (Page 449) 
3. Obtaining a Time Delay 
R-C integrators often are used to create a time delay at the moment pulse 


trigger circuits or electronic relays are tripped. The following is the general 
operating principle of such devices. f starting signal in the form of a pulse 
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ar of a change uf pucse of positive polarity with a steep porch is supplied to 
the R-C integrator’s input. This network's output voltage picked off the capacitor 
is supplied to the control grid of starting triode “es4e . This triode in the 
jnitial state is blanked by negative bias '-<F.- , where £..<9— is triode 
cut-off valtage. Under the influence of the starting signal, voltage at netvork 
output (in the triode grid) begins to increase gradually and reaches cut-off voltage 
F:. only during the passage of a slight amount of time after the effect of the 
starting signal's porch. Therefore, the moment the triode opens, i. e., tripping 
af the trigger circuit, is delayed accordingly relative to the starting signal's 
porch. Delay time ‘, will depend on the magnitude of the initial negative voltage 
in grid !.., cut-off voltage &.. , and the rate of voltage increase in the capacitor, 
i. @., on the amplitude of the starting signal and the integrator's time constant. 


Provision of sufficiently-high time delay stability requires that the voltage 
in the tube's grid at the moment threshold cut-off voltage is exceeded increase 
with a sufficiently-hign rate. Therefore, network parameters usually are /47 
selected so that the time delay obtained will correspond to the initial sector 
of the exponent of the R-C integrator’s output voltage. 





6) 


Figure 11.15. Trigger Circuit Starting Delay. 


( @) 


One possible trigger circuit starting celay circuit and curves of voltages 
explaining the obtaining of the delay are depicted in Figure II.15. Starting 
triode L in initial state is blanked by negative voltage Li. picked off divider 
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Re» Rae Rs The magnitude of this voltage may be changed with the aid of 
potentiometer Rye A positive square-wave trigger pulse across isolating capacitor 
C, is supplied to the input of integrator Ris c, and stretched by it. Therefore, 
the moment the triode unblocks is delayed relative to the moment of action of 
the trigger pulse t. porch by time 4, . A negative change of pulse of its plate 
~ voltage “s™4euz , by which the trigger circuit also is tilted (see Chapter VI, 


§ 2), arises the moment the triode unblocks. 


Changing the intitial negative voltage in the grid, it is possible within 
oe slight limits \t, also to change the delay time: where > Ual gos, . 





amt nae A time delay on the order of units or fractions of microseconds is obtained by 
Ree using similar circuits. 
73 28 Figure II.16. Electronic Relay Tripping Time Lag. (c) -= Start; 


(d) — Actuator circuits. 


A circuit for an electronic relay with fixed time lag t,=const. is depicted 
in Figure II.16. The circuit is assembled on triode L and includes voltage divider 


a ES a PTL Sra 


Ris Ro» command relay Pius integrator Ruy Cis and actuator relay Poe 


rere, 


The relay Py 
contacts of this relay form divider circuit Ris Ros from which is picked off constant 


winding is deenergized in the intitial state. The normally-closed 


negative voltage blanking the triode Uj»<E,. « Up until this voltage, /48 
capacitor C, is charged: ¢:: br-=l.., The command to start the circuit is supplied 
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at moment ty in the form of voltage feeding relay Pie When this relay trips, 

its contacts open and the divides circuit is interrupted. Recharging of capacitor 

c, along circuit +o) resistance Ri» capacitor Ce ee (chassis ground) begins 

from that moment. Ourinc the recharging process, voltag2 in the capacitor increases 

from initial value Uy<0.  , striving towards value £,:-0 by the law of exponents, 
@ which, in accordance vith (XI.10), may be written in the form 


¢\e 
it OKO a) (11.37) 


eek mene ND 


where <7+,C, -- recharging circuit time constant. 

“At moment tis when this voltage reaches cut-off voltage, triod L opens, its 
plate current will pass through the winding of relay Por and the latter trips, 
switching the actuator circuits with its contacts. The voltage rising further 
in the grid is limited at the zero level due to the tube's grid current, for which 

eerie oe sufficiently-large resistance : I?, >*/’,: is selected (see } V.3). 


Lag time /,=f,-—‘: obtained in this manner may reach several seconds. 


note. EXERCISE 11.7 
a) What limits maximum delay time in the Figure II.15 circuit? What limits 
the selection of the integrator's time constant? 
Ten a b) Compute the time lag obtained in the Figure 11.16 circuit if /49 


E, = +300 V, &, = -300 V, R, = 2m82 Ry = 200 k§) »C) = 2uF, Es -8 Ve 
What malfunction will cause the circuit te trip without a time lag? (Page 449) 
4. Conversion of Pulse-Ouratian Modulatian to Pulse-Amplitude Modulation 


In the event pulses of varied duration are supplied to the input of an R-C 
integrator, pulses with an amplitude proportional to the duration of the input 





“We accept that = X(20) =. X01 = in exprassion (XI.10). 
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pulses may be obtained at the network's output: 


Cus ~ bn ae (11.38) 





Figure II1.17. Conversion of Pulse-Duration Modulation 
to Pulse-Amplitude Modulation. 


This idea behind such conversion is explained in Figure II.17. 


An analogous principle may be employed for selection (extraction) of pulses 
by duration. To do so, R-C integrator output .vltage is supplied to the input 
of the trigger circuit or pulse limiter from 2elow with threshold voltage /'-. 
(dotted line in Figure II.17. Then, pulses vill arise at device output only in 
the event that the pulses at the R-C integrator output exceed value Unop , i. e@.,y 
pulse duration at network input excer+s the assigned duration ¢, tyne ° 


EXERCISE I1.8 


How must the R-C integrator time constant be selected in order to fulfill 
relationship (11.38)? (Page 450) 


5. Smoothing Filters 
R-~C integrators often are used as filters which smooth stray pulsations of 


constant or s'9owly-changing voltages. We vill determine the Frequency characteristics 
of an R-C integrator in order to explain its filtering properties (see Attachment 


6). 











Figure II.18. R-C Integrator Frequency Characteristics. 


Using the method of complex amplitude, for R-C network circuitry (see Figure 


II.18a) we will get 
lo; me 1 
Un = aol= Rei joc “joc? 


from whence, in accordance with (X1I.20), the network's complex frequency char- 


acteristic equals /50 


K (w) we Eietous I = 1 ocr 
Lee T-Rowe ITS CR ° 


Hence, based on (XI.23), we will get the expression for the network's AChKh 
{amplitude characteristic] and FCAKh [phase characteristic] in the form 





*For separation of the real and imaginary part «.. , the numerator and the 


, 5 ' laps j 
denominator of expression Som are multiplied by expression (3 —1.c8, 


complexly conjugated with the denominator. 
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A (w) proto Co 


9 (w) = —arctz CR = — arc tg we, (11.39) 


These characteristics are constructed accordingly in Figure II.18b, c and 
shay that, when harmonic voltage passes across this netvork, a decrease in its 
amplitude and a delay in its phase will occur, while both effects manifest themselves 
the more strongly, the higher the Frequency of the harmonic voltage (given 

weak’ (w)—-0 $v) - — +). Since low-frequency harmonics (given 

w-eOK(u)--l %lu)}--0) will pass across the network in the best manner, it 
is a low-frequency Filter wu. . The netyork's bandyvidth 32 will fall 
betyeen Frequency w= and upper frequency limit we, which, in accordance with 
determination of the bandwidth, will be found from condition K(e,) = 75 . 


Using the first (11.39) expression for the networks AChKh, we will get 


from whence 


-+ (1£.39a) 


If pulses whose spectrum lies completely outside the limits of its bandwidth 
are active at the network's input, then these pulses will be suppressed at /51 
the netvork's output, i. e., pulse voltage smoothing will occur. The smoothing 
action of an R-C integrator is explained in Ficure [I.19. 


Since the frequency of the first (lovest-frequency) harmonic of the pulse 
spectrum equals pulse repetition frequency 12,=/2, , then the frequency smoothing 
condition is 


ow = wan (11.40) 


ae 


This condition must be met in all cases where R-C integrators are used as 
smoothing filters. 
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Figure I1.19. Voltage Smoothing (Filtration) by an R-C Integrator. 


o, Ceecens 


MS 


EXERCISE 11.9 


Explain from physical representations the form of an R-C integrator's AChKh 
and FChKh (Figure II.i8). (Page 450) 


otros + 6.) 6oInfluence of Parasitic Parameters 





Fiaure [I.20. For Determination of the Influence of 
Parasitic Parameters on an R-C Integrator. 


We will examine the influence of input signal source internal resistance ”. , 


input capacitance ‘«., and resistance 9.. of the next stage (load) on an R-C 
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integrator. An equivalent circuit for the netuork considering these parameters 


is depicted in Figure I[.20a. This circuit immediately will lead tn the Figure 

f{1.20b circurt, wnere «© - 72-7 tote . Resistance R' and capacitance C! 

form an integrator vith time constant - =7:. s-=<*%:. . Thus, source internal 

resistance and the load input capacitance only improve the network's integrating 

properties. In the event cf necessity, their influence may be considered by the 

correspcnding decrease in R and C. We will redraw the circuit im Figure [1.206 

in tne form shovn in Figure I1.20c for consideration of the influence of resistance 
and ve will use the theorem concerning an equivalent oscillator relative to 

points aa (see Attachment 5). Then we vill get the circuit in Ficure II.20d, /52 

where, in accordance with (XI.19), 


My = Uy, BOAT Sb (11.41) 
vnile the tine constant of the resultant netyvork equals 


GEE CARO <t (11.41a) 
Cansequently, the influence of resistance Rar manifests itself in the decrease 
of both network output valtage and its time constant. [t is evident from ratias 
abtained that, given the assigned magnitude Rar, it is advisible to use R’>Re:. 
since this enly reduces the netvork's output voltage, essentially without increasing 
the equivalent tame constant, i. e., without increasing integration p-ecisicn. 


This consideration limits the maxinum value of resistance R. 
§ 4. PRACTICAL USE OF DIFFERENTIATING R-C NETWORKS 
1. Pulse Shortening (Peaking) 


A circuit for 2 differentiating R-C netvork vas depicted in.Figure II.llb. 
The main use of differentiating circuits is for shortening (peaking) pulses for 
snaping short-curation pulses for triggering, cut-off, and synchranization of 
pulse generators and for other purposes. Therefore, differentiating R-C netvorks 
also are called choppers. The chopping action of an R-C netvork is explained /53 
in Figure [f.21 (see alsa the curve for voltage “» in Figure I1.9c where 
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s=t1<in). Due to the action of the porch of a square input pulse (Figure II.2la), 


in accordance with (11.3), an exponential pulse of capacitor charge current with 


amplitude » ait (see Figure II.21b) arises in the network, while the voltage 


in the capacitor increases by the law of exponents (Figure II.2le). When condition 
(Il.31a) t-<% is met, the crarge of the capacitor essentially ceases long 


before the termination of the © wut pulse. Here, 4=0. ucmla. 





Figure II.21. R-C Chopper Action. 


An exponential pulse of capacitor discharge current of opposite direction 
with amalituce:/,) = /, == / = 4p arises in the netyvork in accordance with (11.9) 


during the action of tne input pulse's droop, while the voltage in the capacitor 
decays by the law of exconents to zero. The network's output voltage is picked 
off resistance R and equalstsure “Séar—UcwicR . Therefore, two short exponential 


voltage pulses of cpposite polarity vith idsntical amplitude Un =n, wlRaU a 
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(Figure II1.2ld) arise at the network's output at the moments of action of the 


input pulse's porch and droop. 


It should be underscored that voltage jumps corresponding to the input pulse's 
porch and droop always are transmitted completely ta the network's output (see 
Attachment 2). Duration of the output pulses is determined by the network's time 
constant and coupled to it in the following manner. Since an exponential pulse 


is described by the expression u,,,=l).¢ 


I~ 


» then, determining its active duration 


fea 


pa F , at level Uae (a<}) , we will get aus = =e “ , from whence 54 


‘ts 
ts tin—, (11.42) 


Using the normal method of computing the active duration of a pulse at level 
0.5 Usus (see Figure I1.21d), we will get 


(1L.42a) 


to ,, tin e7s 


EXERCISE [1.10 


Redray from Figure I1.2] the curve of the output voltage of an R-C chopper 


and indicate hcow this voltage “ill change if: 
a) the network's time constant is decreased by a factor of 2; 
b) if the network's time constant is increased by a factor of 2. 
c) if the input pulse's duration is increased by a factor of 2. (Page 451) 


2. Influence of the Finite Duration of an Input Pulse's Porch 


Above, we examined passage of a square pulse with vertical porches across 
an R-C chopper. Now we will examine hoy the finite duration of an input pulse's 
porch influences the amplitude and shape of this network's output voltage. 


For simplicity we will accept that the voltage in the pulse's porch increases 


a . . ‘ : 
by linear lav sy=bt , uhereb = —* = <* — is pulse steepness, after which it 
2: 6 
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Figure If.22. Influence of the Finite Duration of an Input Pulse's Porch. 


will become constant (Figure I1.22). We will find the law of change of network 

output voltage given action of a lineer porch with the aid of the Duhamel integral 

for the network's transient characteristic (see Attachment 8). Assuming in expression 
(11.14) that ¢320 Emo(t) mil, ve will get the network's transient characterisitic 


—— 


(X1.25) im the form fA(t)=se * and, in accordance with (11.26), we get 


> a ee a 
Burg=loe * dt = belle *). (11.43) 
Q 
Hence, the increase rate, i. e., steepness of the output voltage's /55 
porch, equals 
du j -i 
sabe *. (11.43a) 


At the termination of the porch's action, in accordance with (11.43), output 


voltage reaches amplitude value 


tar 


ty. 
A (11.44) 


Ces = & | os e A = Un zt = e 


After this, capacitor charge continues, but already under the effect of constant 
input voltage, in connection with which output voltage decays by the law of 


exponents 
lmtp 


Bou en = rr 
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It follows from ratio (11.44) that, due to the finite duration of the input 


pulse's porch, output pulse amplitude decreases in ratio 


far 
=) 


ous 
me (II .44a) 


=—'l-—e 


las lp 


= . : 2 t ‘ 
This expression will strive towards 1 where +0 and decrease given 


. t ae t 
increase 2, striving towards zero where 2 + co. . 


The duration of the output pulse increases to the magnitude of the input 


pulse's porch: 


te ous = ty + 32 (11.45) 


Ratios (II.43a), (II.4),(I.49 make it possible to form the following conclusions. 
Given any differentiating circuit Finite time constant, the influence of the finite 
duration of the input pulse's porch manifests itself in a decrease in the steepness 
of the input pulse's porch and amplitude (in comparisan‘with the steepness of 
the input pulse's porch and amplitude) and an increase in the output pulse's duration. 
The steepness of the output pulse's porch and amplitude increase during an increase 
in the network's time constant. However, here, output pulse duration increases 


due to stretching of its droop. 


EXERCISE 11.11 


a) Oraw the curves of a differentiating R-C network's input and output voltages 
oS given the action on its input of changes of voltage with a vertical and sloping 


linear porch of identical amplitude, ifte!s. t-ls. c= 059, 
b) For. ‘late the condition of pulse porch differentiation. (Page 451) 


3. Influence of Parasitic Parameters /56 


We will examine the influence on a differentiating R-C network of the internal 


resistance of the input signal source (of the output resistance of the previous 
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stage) & , input capacitance “a , and resistance Rex of the next stage (load). 
An equivalent circuit for the network taking these parameters into account is 


depicted in Figure II.23a. 





6 (Cc) (Ad) e 


Figure 11.23. For Corsideration of the Influence of Parasitic 
Parameters on a Differentiating R-C Network. 


Strict analysis of this circuit's properties is sufficiently complex and 
However, even its purely qualitative examination permits 


is not part of our task. 
Resistance Rss is connected in parallel 


the followii3 conclusions to be drawn. 
with resistance R and, therefore, only decreases the network's output resistance, 
i. e., its time constant. Consequently, this resistance only improves the network's 


Resistance &, , due to the change of voltage forming in it, 


chopping action. 
In addition, 


decreases the network's transfer ratio, i. e., output voitage amplitude. 
this resistance increases the network's time constant, which will lead to stretching 
Capacitance Cy, rules out voltage jumps 


of the output pulse due to its droop. 
Thus, it is 


at network output, i. e., the output voltage's porch is stretched. 
evident that the influence of parasitic parameters manifests itself in the decrease 
in output pulse amplitude and additional stretching of its porch and droop. We 
will examine this problem in greater detail, having assumed that a pulse or a 
change of valtage with a vertical porch is acting upon the network's input. 
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The Figure [1.23a circuit easily will lead to the Figure [1.23b circuit, /57 


where :¢ -: fen 2 . We vill assume that CFC. , Then, it is possible 


in the first app eoximacinn to disregard the influence of capacitor C for rapid 
changes in output voltage during shaping of its porch, i. e., for the high-frequency 
harmonics of the output voltage's spectrum. Actually, during pulse shaping time, 
valtage in this capacitor increases only slightly and, therefore, has almost no 
influence on output voltage. It is possible to consider from the spectral point 

of vieu that, for high-frequency harmonics, capacitor C is only very slight 
resistance, which need not be considered. In this event, the Figure II.23b circuit, 


with the aid of the theorem on an equivalent oscillator, will lead to the Figure 


: a as 
I1.23ce circuit, where R= eee OS NR - This circuit is an R-C integrator 
and shovs that the output pulse's porch is stretched in conjunction with the process 
of charging parasitic capacitance C,, vith time constant tu ™®RiCar . Therefore, 
porch duration will comprise ‘peur <3 RiCax.. Moreover, since O1<U%,, , output 


voltage amplitude will decrease. 


On the other hand, for slow changes in output voltage during action of the 
pulse peak or change, i. e., for low-frequency harmo.ics of the input voltage 
spectrum, it is possible to disregard the influence of capacitance Ce. since 


its resistance will be great (current branching to this capacitance ing, = C 

is slight). Then, the Figure I1.23b6 circuit will lead to the Figure II.23d 
differentiating circuit. This circuit's time constant equals <m==C(R-+R’) >a, 

will lead to stretching of the output pulse’s droop: tensur*3C(R-+R’) - In addition, 
due to the change of voltage to resistance #, , output voltage will decrease 


by a factor of 25 . The actual shepe of the output pulse is shown in Figure 


11.24 (dotted lime 1 depicts the shape of the output pulse without consideration 

for the influence of parasitic parameters, while dotted line 2 depicts the /58 

shape of the output pulse without consideration for the influence of capacitance 
Cu). Usually, C> (4+5)Cs. is chosen, with the output pulse’s porch here 

being still sufficiently short in comparison with its overall duration, which 

is determined by the decay time. However, the extraordinary increase in C for 

a decrease in the influence of Ca: is unadvisible since, with the assigned output 


pulse duration, this would require a cecrease in resistance Rie=mR’C, - But, 
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the latter vould lead to a decrease in network output voltage due to the influence 


of resistance ¥”: . Moreover, given ?<2%, output pulse duration still will depend 


unsufficiently on resistance R(R'). 


4. Voltage Divider High-frequency Compensation 4 
= 2 


The voltage divider Rie Ro circuit with transfer ratio Kattagty. . 


is depicted in Figure II.25a. When pulse voltage is transmitted across this divider, 
load input capacitance Ces. (of the next stage) exerts material influence. Since 
wee mt this capacitance shunts the divider's output and its resistance decreases as frequency 
rises, it elicits high-frequency distortions in the shape of the transmitted pulse 
-- stretching of its porches. Actually, using the theorem on an equivalent oscillator 


4 als Ook a) 


ee 


relative to points aa, ve vill switch to the integrator circuit in Figure I1.25b, 


whe re Ry = gee. . Thus, the shape of the output pulse's porch will be determined 
com. 3 


by the charge of capacitor C with time constant 





hel Raa Nia ot ae 


2, 2 RC, 


Compensating capacitance C. (Figure II.25c) is connected in parallel to 
resistance Ry for divider compensation in the high-frequency realm. This capacitance, 
shunting resistance Ry on high frequencies, imparts differentiating properties 
to the network: the divider'’s transfer ratio increases for these frequencies 
(AChKh roll-off increases in the high-frequency area).* Selection of capacitance 
“e magnitude will occur based on the following considerations. The influence 


of capacitances C,, and C, (= > Rs, rR.) may be disregarded at low 
N et woe 


j ae . - Ry 2 
frequencies and the divider's transfer ratio equals KBR » On the other 
hand, one may disregard the influence of resistances Ry and Ro 


1 
Vm a: (ER; = <A) at high frequencies. Here, the result is capacitive 


Cor 


voltage divider ¢,, ¢ and transfer ratio “= —“i-.. /59 


‘ome Se let Cor 





*Since the steepness of the pulse's porch at divider output increases here, 
capacitance C. often is referred to as an accelerating capacitance. 
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Figure [1.25. For Voltage Divider Compensation. 


Set eT ot 


It is evident that equality Ay=X,=comst (see X1.24) must be a condition 
for undistorted pulse transfer, i. ¢., 


R, C 


Rit Ry Caren’ 


Cats = CR, (11.46) 


A divider vith compensating capacitance C, is called a compensating divider 
when condition (11.46) is met. Such a divider transmits, without distortion, 
the shape of tte us, pulses ucting at its input. However, the shape of these pulses 
Upy campared to that of oscillator pulses 4r is distarted due to the /60 
influence of the internal resistance 8. of the pulse generator. Oistorted 
“so: pulses are transferred to the divider output already without additional 
distortions when condition (11.46) 


| 





eet a 


is met. Thus, pulse distortions are unavoidable even at the output of the compensated 
divider. We will turn to the circuit shown in Figure [1.25d, where oscillator 
internal resistance ® has been considered, in order to examine this problem. 


Oisregarding, as usual, the influence of resistances Ry and Ro at high 
Frequencies, ve will get the circuit shown in Figure II.25e. Given the effect 
of the pulse “* porch, capacitanceC,,,in this circuit will he charged with time 


constart 
%=RC,, 
where 
Cc CCaur 
= C+ Cour 7 


But, if the compensating capacitance was aosent, then charging of capacitance 
Ceuz would occur with time constant =*R,Cuuz>w (Cour>C.) . Therefore, connection 
of compensating capacitance C, in this case as vell will lead to a reduction 


in the output voltage's porch. 
Connectien of compensating (accelerating) capacitances is used in triggers, 


phantastrons, and other pulse circuits, when there is a requirement to compensate 
for the influence of parasitic capacitances connected to voltage divider output. 


EXERCISE II.12 


Obtain ratio (11.46) using the expression for the complex frequency char- 
acteristic of the network depicted in Figure II.25c. (Page 452? 


§ 5. TRANSIENT R-C NETWGRKS 
1. Role of Transient R-C “etyvorks. Linear and Nonlinear Transient R-C Networks 
Radar station pulse devices may comprise nany tube stages of varied purpese 


connected together in a specific sequence. St:ge connection, transfer of pulse 
voltage from the output of one stage to the input of another, as a rule will occur 
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or 


across transient R-C rnetyvorks. A transient R-C network insures minimum shape 

distortion, i. e., of the alternating component of the transmitted pulse valtage 

and isolation (separation) of stages by direct compcnent. Separation of stages 

by the direct component is required so that the second stage's operating mode 

in direct current may be supplied regardless of the direct component of the first 
= stage's oucput voltage. The circuit for a transient R-C network was depicted 

in Figure II.lib (it does not differ from a differentiating R-C network) /61 

while, in sccordance vith (I[I.32), ratio <->‘. must be met for a transient R-C 


network. 


The processes of charging and discharging capacitor C will occur alternately 
im the R-£ network when pulse voltage is trcnsferred across it. Capacitor charging 
will occur with time constant>=CR,, , where” R, — resistance in the charging 
circuit, while discharge will occur vith time constant z,=CR,. , where Ry 


resistance in the discharging circuit. 


If resistances in the capacitor charging and discharging circuits equal each 
other ;R,=R,=R) and, consequently, the time constants of the charging and 
discharging circuits are equal (-,=<)=:)  , then the transient R-C network is 
referred to as linear. If the resistances in the capacitor charging and discharging 
circuits are not equal(R, *R,) and, consequently, the charging and discharging 
time constants are unequal (7, %) , then the network is referred to as nonlinear. 


t bp 
7 
fy | dex (f c x | 
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Figure 11.26. Linear (a) and Nonlinear (b) Transient R-C Networks. 


The ratio of resistances R, and Rp usually is determined by the properties 
of the stage's input resistance Ri. connected to network output (Figure 11.26). 


If resistance ®., is not changed as the netvork operates, then R, = R, = 
ay 


and the netvork is linear (Figure I1.26a). 
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If resistance Ru for charging current has one value (Rar:3), while that for 
discharging current has another (Ros ep) , then &,=R, and the network is nonlinear 
(Figure I1.26b). For example, if Ry.sR (switch K vill be open), while 

Rass R (switch K vill be closed), then 


Rae Yad ~ 
x R= a az Rk R, 
while © 
R Rar of =R (11.47) ‘a 
9 Rap te ee 


EXERCISE [1.13 


a) Point out transient R-C networks in Figures III.18, [1I.29, VI.5, and 5 
VI.10. 4 


b) Oraw the curves of the current and voltage in the capacitor and of the 
vutput voltage of a transient R-C network given the effect on its input of a change 


in pulse (step) of constant voltage with amplitude Uo: (Page 453) 





2. Passage of a Single Pulse Across a Transient R-C Network 


We will assume that a single square pulse is active at the input of a linear 
transient R-C network. The curves of voltages ue and Yer" for this example 
were examined in Figure 11.9 (example +=2,>ts) ) and are repeated separately 
in Figure II.27. At the initial moment in time (t = Q), Uer™Usx, Uc =0 and You Cue : 

we = C',, = the input pulse's porch will be reproduced completely at the network's 
output. Further, while the pulse (u,,=U,,=const) is active, capacitor C charging 
will occur and voltage ue gradially increases: y= U,;!1 lip? *) - Since 
Yeux™Usz— Uc, in accordance with Kirchhoff's second lav, then voltage usus here 
decreases by the same law of exponents and, at the end of the pulse (where ‘=% ), 


. . 
will comprise Ususwans'Us2—Ue wane » here Veeme =U, = 077) — maximum voltage 


to which the capacitor was charged. When <=>>¢, , capacitor C is charged /63 3 
slightly for time t, . Therefore, Urwane olin and Wace wen = Cee wom Fb. be 
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oe. Figure I1.27. Passage of a Single Pulse Across a Linear 
Transient R-C Network. (a) -- C Charge; (b) -- C Discharge. 


At moment ‘=f, , the pulse's droop is reproduced co- pletely at the network's 
output, output voltage with a jump decreases to value —Ucyexe «© Actually, 
when us, "0, tee Uewene , Ve Vill get Usur™—Ucwane . Further, complete discharge 
of the capacitor with identical time constant + will occur. DOuring the discharge 
PLOcesS, Uss2=—Uc (where ¢ier,, u,, =O) and voltage uu. , remaining negative, 
decays to zero by the law 


f—t 
-— 
t < 
w= Ue mance 


Thus, a single pulse is transmitted across a linear transient R-C network 
with, in principle, unavoidable distortions, which show up in the exponential 
decay of the output pulse's peak to magnitude AUsur*Uewsxe and appearance after 
its termination of an exponential "tail" of negative polarity output voltage with 


amplitude —Ugwane . Quantitatively, these distortions are evaluated by the factor 


im we ese vens = Coys oem og) te ee 
Coun. wece C out. wane (11.48) 
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Since wu, = Ca wac® = as capacitor C charges, then U,.. can = C'eus. wane 


and 


aie (I1.48a) 
= 


hence it is evident that magnitude m will be less, i. e., the closer the input 
pulse's shape is to being square, the greater the network's time constant «. 
Actually, when + increases, the charge will occur more slcwly. Therefore, during 
time , the capacitor succeeds in charging itself to the lesser value Uesaze- 5 
resulting in the decay of the pulse's peak, as well as the negative spike amplitude, 
decrease as vell. However, here, if the network is linear, the output voltage's 


tail elongates in the area t>t, , since capacitor C charging also slows. ; 


If one supplies assumed value "tacq and requires that pulse distortions not 
exceed the assumed values (™ € mya), then, after taking the logs of (I1.48a), 


we will get 





>. 
Trae (11.49) 


This formula makes jit possible to compute the requisite magnitude of the 
transient network's tim: constant From known duration of the input pulse and assigned 


value Myoa.. For examp’e, if myog=0,1 (Csus wen 0.9 Upus. sane then -D>ICS 4, . 


We will examine how the ratio of resistances R, and pP,. influences /64 


the shape of the pulse at network output. 


Ouring charging, the capacitor acquires quantity of electricity 
" 
we tt » where i, -- charging current, while, upon termination of the output 
pulse, given a complete charge, the capacitor must lose the identical quantity 


of electricity 


q, = \ i, dt = 9, 
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where ¢, -— discharging current. 





Figure I1.28. Ratios of Areas Constrained by Curve Yer 
(a) -- For a linear R-C network; (b) -- For a nonlinear R-C network. 


But, according to Uhm's lav 


a tee jae Stet 
iL= Pp: R>’ 


vhere us. and u-. -— gpasitive and negative output voltages arising during the 


charge and discharge of capacitor C, respectively. Therefore, 


1 


e | . — 
eB Ueus a= Rp \ Wes at. 


«_—,. 


ta 

The integral on the left side of this equality graphically equals the /65 
positive area sj- i:mited by the output voltage curve for the time the pulse is 
active, while the integral on the right side equals the negative area fl=-Vinited 
by the output voltage curve after input pulse termination. Therefore, the later 


expression may be written 





hast ee 


It follovs from this that if a transient R-C network is linearta,=~=R,) 
then the positive and negative areas limited by the output voltage curve must 
be equal, i. e., (7-2 fl~ (Figure I1.28a). If it is nonlinear (R,=A,) , then 
the equality of the areas is disrupted. For example, if R,>»R, , then 

‘I~ f- (Figure 11.28). In this event, capacitor C rapidly discharges after 
termination of the input pulse due to the slight R, magnitude, vhich also vill 


lead to a rediction of the duration of the voltages negative "tail." 





Figure 11.29. For Exercise I1.14. 


EXERCISE L114 
3) Oray curves of voltages uv, and “ews.if a pulse with positive initial level 
Cu ‘F.igure 11.29) is active at the input of a linear transient network. 


b) Oray the shape of the cutput voltage of a transient R-C netyork acted 
upon by square pulse with Leo if Fy Rk, , Sut y= BOND ly, (Page 453) 


5. Passage of a Pulse Train Across a Transient R-C Network. Direct Component 
Loss. Dynamic Bias 


we will examine initially passage of a pulse train across a linear transient 
R-C netvork. we will assume tnat a periodic train of square pulses is active 
at the input of sucn a netverl., Deginning at moment t = 0 (Figure 11.30a). Let 
mandatsry corditicn (11.32) ‘t.24. be net in this netvork, but the resting time 
betyeen scuises be insufficient far complete capacitor discharge ‘g<3:  . Then, 
capacitors C, insufficiently charged during a regular pulse, does not succeed in 
discharging completely during the resting time. Therefore, during passage of 


a certain numoer of the first pulses in the train, pasitive voltage increment 
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Figure II.30. Passage of a Pulse Train Across a 
Linear Transient R-C Network. 


in the capacitor far the time each pulse AU'ce vill exceed in magnitude the negative 
increment of this voltage for the resting time following the pulse Alcs : /66 


We > | SU cal. (11.51) 


As a result, 3s depicted in Figure I1.30b, at the beginning of each subsequent 
pulse, excess voltage U,,>9, vill exist in the capacitor. When inequality (II.51) 
is met as a result cf the accumulation of charges in the capacitor, this voltage 
gradually vill increase from pulse to pulse (with a rise in the number of period 
N), i. e., OSF'S>O™ . Simultanecusly, voltage in the capacitor will increase 


at termination of each succesive pulse (Cyst >a). . 


Since the charge of the capacitor during the time the pulse is active will 
occur under the effect of voltage (',,—/'.. , while its discharge during resting 
tame will occur from initial veltage LU, , then based on (XI.10), voltage increments 


Mrwand Alc, , respectively, equal 





ee RNR ETT Fa 
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‘), 


We, = UX, = Ce. —. (Urs _ Us) (, = = 


fog 


al'cg = oss! _ CN =— us. J _ e * I 





(11.52) 


Since L%, and &% rise as time passes, then positive increments Seg 
gradually decrease, while negative increments A\Urq increase in magnitude. As 
a result, the rise in residual voltage v’., gradually slows down. After a certain 
amount of time ‘=f, dynamic equilibrium is established in the capacitor: 
the amount of ele ~*~‘ rity accumulated in it during the time of charge ‘wa and the 
amount of ‘“n"tricity lost during the time of discharge fey vill become equal 
W* . The following equality begins to exisc from this moment 


Wig =| Mea! (11.52a) 


while the residual voltage achieves the set value 
Uy = be 


The law of change for the network's output voltage is depicted in Figure 
I1.3Cc. SGased on Kirchhoff's second laW, us," wuyz—tc - AS is evident from 
the curve, due io the increase in residual voltage in the capacitor Uc,, the initial 





“For simplicity, the moment of the beginning of the charge (initiation of the 
pulse) is accepted as the initial moment of time t = 0 in the first (TY.52) 
expression, vhile the beginning of discharge (end of the pulse) is accepted in 
the second expression. 





82 


oa. Ga 


ee ee 





level of output pulses Cu, (dotted curve) displaces "downwards" Un. =—U, and, 


when ¢3%,, it becomes equal to 


las mL. (11.52b) 


We will find the set valie Use. » stemming from the ratio of areas f+ and /7- 


= 
in Figure I1.30c. Ratio .i1.5Q) must be met in the set mode and is 
(Ri=R,) M>=i7-. for a lines> network. Disregarding the distorted shapes of 
the pulses, in accordance with Ficire I1.30¢e, in range t>t, we will get 
+” + =U, — 1 Cus |) bee (> = [Usus [te (11.53) 
or, comparing these areas and considering expression (1.3) 
Um = lea Paste. (11.54) 
Thus, when a periodic train of pulses acts upon a linear transient R-C network 
: in the set mode, its capacitor discharges to the value of the input signal's direct 
component, while the initial level of the output signal displaces to the magnitude 
of the alternating component with an opposite sign. Here, 
Yous > 45, +s gg Ue Cee SU Cre = (11.54a) 
— only the alternating component will be reproduced at network output and, /68 
consequently, a loss or the input signal's direct component will occur. 
We now will mave to a nonlinear transient R-C network (&,=R,). . 
: Oisregarding, as usual, pulse shape distortions at network input and using 
equality (11.53), we wisl find that, in the set mode based on (11.50), the following 
condition must be met (l's)—'Usur| te R, 
* = =a, 
(Cowryfa Ry 
, ore ’ teRy , 1 
Ca ee UB Un (II.55) 
hence : a ‘ 
> tn 
*for simplicity in the first excression (II.52) we use the moment of charge 
initiation (pulse initiation) as the initial moment of time t = 0, and in the 
second exmression - the discharce initiation (pulse end). 
Le 
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Figure [1.31. Passage of a Pulse Train Across a Nonlinear 
Transient R-C Network Where R,>R, . 


It follows from this expression that, depending on the magnitude of ratio 


R. 

Re » the ouptput voltage's initial level may change (consequently, as opposed 
to a linear network, it will not depend on the direct component of input voltage 
Cue). 


Actually, if, for example, R,m>R, , then > - Cansequently, 


» 
a f+ > fl- and, in accordance with (11.55), Ussx%0. . The curves of voltages 


User, Uc ANG Usuxs for this case are depicted in Figure 11.31. Here, capacitor 
C, sligntly charged during the time of pulse  , then rapidly discharges /69 
during resting times as a result of the low magnitude of resistance Rp . Therefore, 
at the beginning of the action of each successive pulse, there is no residual 
voltage in the capacitor (Figure [!.31b}. Since usu, sex —Uc, , then each pulse 
at network output begins From the zero level (Figure II.3lc). In other words, 
when R,=>R, , the output voltage's minimum value is Fixed at the zero level 

Coure0. Since Uy=0 also (see Figure II.31la), then output voltage essentielly 
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daes not differ from input voltage and their direct components are equal 
(Usure Use) 2 We will recall that the direct component at the output of a 


linear netvork alvays equalled zero, regardless of the value Use . 


0 = 


te 





Figure I1.32. Passage of a Pulse Train Across a Nonlinear 
Transient R-C Network Where R,<R, . 


lf, on the other hand, R&R. <R, , then = <1 .. Consequently, 

[T+ a {1- and, in accordance with (11.55) Usue~—Uss . Voltage curves 
corresponding to this event are depicted in Figure If.32. Here, as a result of 
the low magnitude of resistance R, , capacitor C rapidily is charged during the 
action of the pulses co their amplitude value U,,, vhile it discharges slightly 
during rest times. Here, the direct component of the output valtage, in accoruance 
with formula (1.4), is negative and equals 

Unum = EE Uo GE SO 
In this event, the maximum value of the output voltage is fixed at the /70 


zero level Usur=0. . 
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It is evident that, selecting the resistance &, and R,, ratio, it is possible 
ta change the output voltage's initial level and direct component within the 
Us range. 


It should be underscored that, for a nonlinear network as well, the input 
valtage's direct component as usual vill not pass across an isolating capacitor. 
The direct component of output voltage L’ss= is created independently of Use 
by virtue of the netyvorks nonlinear properties. 


So, a loss of the input voltage’s direct component and bias in the initial 
me level of output voltage will occur generally due to the influence of isolating 
capacitor C during transmission of a pulse train across a transient R-C circuit. 
The sign and magnitude of this bias, in accordance with formula (11.55), will 
depend both on netvork properties (resistances R: and R, ) and on the input voltage 
parameters (pulse polarity, amplitude, and duty ratio). 


Voltage from a transient R-C network output usually is supplied to the tube 
stage input. he initial mode of this stage is determined by the initial position 
of the tube's operating point in its characteristic and is created by bias voltage 

osaons to the tube’s control grid. Additional bias of the output voltage's initial level 
to magnitude —al'c. , stipulated by the influence of the transient R-C network, 
changes the position of the operating point and is referred to as dynamic bias 
or operating point creep. Usually, the latter is undesireable and is eliminated 
by using so-called level holds connected to the transient R-C network output (see 
Chapter IV). In some cases, on the other hand, dynamic bias is used specially 
in pulse circuit., to replace external negative bias source &,. , for example. 


EXERCISE I1.15 


a) How does a change in initial level, i. e., in the direct component cr 
the input voltage (displacement of the “** curve along the "vertical"), influence 


the sutput voltage of a linear and a nonlinear R-C network? 
b) Cutting off a tube during resting times between pulses requires supplying 
negative bias &.<£se , vhere Ee -- tube negative cut-off voltage, to its control 


grid. What input pulse and transient R-C network parameters will make it possible 


86 





ere rers 





een een teemaade enna a aaa 











to insure tube cut-off due to dynamic bias? Examine the cases of a linear and 


a nonlinear R-C network separately. (Paqe 454) 


56. SHOCK EXCITATION CIRCUIT 





Figure [1.33. Parallel Shock Excitation Circuit. 


A tuned circuit excited by a change of current or veltage often is used during 


pulse shaping. This type of circuit is called a shock excitation circuit. A 


diagram of a circuit excited by a change of current I is presented in Figure II.33. 
This circuit will comprise inductance L and capacitance C connected to tuo /71 


parallel branches (such a circuit is called parallel); r designates the resistance 


of an inductor; R designates a resistance shunting the circuit. and it may comprise 


curren’ generator internal resistance, load resistance, cr resistance specially 


connected to create an aperiodic mode (see below). Current and voltage oscillations, 


stipulated by the periodic exchange of ener3y between tne inductance and the 


resistance, arise in the circuit when it is excited. The frequency of the 


oscillations 1s determined only by the circuit's ‘parameters and, therefore, is 


distinguished by high stability. Oue to presence of resistances r and R, a portion 


of the energy retained in the circuit's reactive elements, is converted to heat 


during exchange. Therefore, the amplituce of the excited oscillations unavoidably 


decreases over time and. in the final analysis, the oscillations cease (such 


oscillations are referred to as damped oscillaticns). €nergy losses and, 


consequently, oscillation camping, are great.~, the greater the resistanze r and 


the less the resistance R. 























In accordance with Kirchhoff's first and second lays, after the action of 


the change of current, for the circuit we may write 
P : . ; nda a aj, 
St Psi,tigtigelet+ oa tpi Bae let by 


Substituting value ‘& from the first equation in the second and considering 
that usually Rr. , after simple conversions we will get the circuit's differential 


equation: 


4 du . : 
= +23 Tr + o7u a w/r,* 


1 
vhere » = Ti i 


tpt 
£ 
ks aia 


.=———— ~~ &mping factor. 


Considering the initial condition (at the moment the action of the /72 
change takes place f=0; t,=U, u =U: tg=0, ig =/ ) and assuming acy, » we will 
! get the solution of the differential equation in the form 


ware sin (wt —¢) + /R,, (11.56) 
“¢ 


where R= Rr 
® 


_—_—_ 


Ree’ 


we abu ie — frequency of the free oscillations in the circuit; 


9 -- initial phase shift. 


! : ; A curve of the damped oscillations in the circuit, constructed in accordance 
with (11.56), is depicted in Figure I1.34. 


For determination of the polarity of the first half-cycle of voltage in the 
circuit, one should cons:der tlat, since current jumps are impossible in the branch 


with the inductance, then, at the initial moment, current Imic. Therefore, 





*Sinee the circuit contains tyo reactive elements (capacitance and inductance), 
a differential equation of tiie second order results. 
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Figure II1.34. Damped Voltage Oscillations in the Circuit. 


the polarity of the first half-cycle coincides with the polarity of the voltage 


at the capacitor as it is charged by current I. 


If aa (slight damping), then wesw . Therefore, the amplitude of 
the voltage in the capacitor equals 


t / 
Um Uare =a ale 


where . =] ~ characteristic resistance of the circuit. 


ay 


The oscillation made cf a shock excitation circuit may be used for shaping 
short calibrated pulses occurring with stable period Ty=Te Oscillating voltage 
arising in the circuit is amplified for this purpose, subjected to bilateral limiting, 
and differentiated. One possible use of the circuit in blocking oscillator circuitry 


also is described in Chapter VII. 


The circuit will convert to an aperiodic mode when condition 32> is /73 
met (great damping) due to large energy losses in the resistances: only one "splash" 
of voltage, whose polarity is identical to that of the first half-cycle in the 


oscillating mode, will arise in it. 


The circuit is shunted specially by slight resistance R to create the aperiodic 
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mode. 


: : whl 
(in resistance r)} and consider that 
written in the farm 


a ae 


Here, one may disregard the influence of inherent losses in the circuit 


Then condition 2>uo may be 


vit ' 
oe 1 Ze’ 
% act 
hence R<+ J Cc ° 
Therefore, a condition of critical dampinn in the circuit, during which the 

oscillating process already does not arise, is 
oped bes 
wae ein i ae 
= Rat VE 


(11.57) 
If there is no shunt resistance (R=) , then a= =a (damping is determined 
only by losses in resistance r). 


In this event, resistance r needs to be increased 

i iodi i : r 1 ; 
seeds to obtain the aperiodic mode. From equality g=auw, i. @., "vie » we will 
ne. get the condition of critical damping in the form 


r=2 Ve. 


(11.58) 
u 





t 
Figure I1.35. 


In a case vhere 


Aperzodic Voltage "Splash" in the Circuit. 
differential equation 


2 > wo ‘strongly-aperiodic mode), the solution of the circuit's 
is written in the form 


(11.59) 


RN ee 








i. @., it is the cifference of two exponents, the time constants of which, due 


to the fact that R is slight, usually is linked vith inequality z >Re . The 
curve of the aperiodic voltage in the circuit (Figure [1.35) is constructed in 


accordance with (1[.59). The duration of the voltage splash received is determined 


by time constant 4 and approximately equals ogee . Consequently, uhen R 


increases, duration . decreases. 


The aperiodic made may be used for further shaping of the square pulse /74 


obtained from the "splash." 


Shock excitation of the circuit may be accomplisned nat only during a positive 
change of current, but also during a spasmodic decrease in current from magnitude 


I to zero. Here, the processes in the circuit in principle do not differ from 


/ ) 
; : : ni __ Epp 2! 
those examined, since the current changing in accordance vith lav! =\\y yw tu? 


ae 
Sar 
may be represented by the sum of direct current I and negative change 
raf 0 A765 | therefore, the shape of the voltage in the circuit vill 
“if atria * : e 9 "ee 
differ from that presented in Figure [1.34 only in polarity and in the absence 
of a constant drop in voltage /#, where t>0 (the last member in expression 


{1.56}. 





Figure 11.36, Methods af Shock Excitation Circuit Connection. 








Typical diagrams for connection of the circuit to a triode plate and cathode 

circuit are shovn in Figuce I1.36. In both diagrams, the triode is operating 

in the switched mode and vill serve for creation of changes in current exciting 

the circuit. Negative square pulses blocking the triode are supplied to the triode 
grid for this purpose. Damping oscillations in the circuit are excited twice, 
smcuring the action of the input pulse's porch (blocking the triode) with a negstive 
change of plate current and dtring the action of its droop (opening the tricce) 

by a positive change of plate current. Hove.ver, in the second diagram vi: the 
circuit connected to the cathod2 circuit, when the triode opens, the circu.. 


effectively is shunted by the slight output resistance of the stage with cathode 


load [Rea Here, the mode in the circuit turns out to aperiodic, i. e., 
damping oscillations arise only during the action of porch ss. In addition, 
increased amplitude of the negative input pulse is required in this circuit /75 
since, during the action of a negative half-cycle of voltage in the loap, the 
cathode potential cecreases and the danger of the triode opening arises. Thus, 


the amplitude of the negative input pulse must satisfy condition 
Cie aw! Eas (11.60) 

where liu.. — amplitude of the First negative half-cycle udu . 
EXERCIse [1.16 

Draw the curves of voltage =e and ues for the circuits depicted in Figure 
L1.35, assuming that oscillations in the circuit arisiny during the action of 
porch <<: are damped completely by the time pulse action terminates (during time 

leon De (Page 455: 

37. PULSE IRANEF OR ER 

A pulca transformer (IT) is for transformation of pulse voltages and is used 


mainly for the folloyvirg purpases: 


— changing pulse ampiituce cr polarity; 





*See formula (ILi.7i}. 
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-—- agreement of resistances (for example, of a load vith a feeder's 
characteristic impedanc:>); 
-- couplings betveen stages or circuits vith their isolation by the direct 


camponent. 


= An {1 viil comerise a primary (input) and secondary (output) vinding placed 
on a common ferromagnetic core. In several instances, an IT may comprise tvo 


to three secondary windings vhere there is a requirement for several output voltages. 
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Figure [I1.37. Pulse Transforner Circuit. 


a 


A pulse transformer circuit 1s depicted in Figure 11.37 and does not differ 
from the circuit of a standard transformer that transforms commercial frequency //76 
alternating voltages. in princinle, the processes in a pulse and a standard 
transformer also do not differ and are descr:bed by known equations: 
a=t2=04. (11.61) 


se 
ws 


At. fi 
uy, al . {st. Yous 


oe yhere, in accordance with Figure [1.37, Ly -- inductance, while tbo current 
of the primary vinding; L, -- inductance, voile 1, -- current of the secencary 


winding; tT — autual encuctaunce; 4. pm wiPy. + 


The main soec:fic requirement levied cm an iT 2s c.timal distecrt.ans in the 
snape of the transmitted culses. Cons:cering tre csectral composition of pulse 


systems, this neans tnat an iT sust be Sroachanc. 
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Figure [1.38. Simplified IT Equivalent Circuit. 


The transformer's core primarily must not be saturated in order to reduce 
these distortions.* Magnetization flux @,, , permeating both windings, and leakage 
flux Dp, and @p: , each of which coupled with only one of the windings, arise 
in the core as the IT operates. Therefore, an equivalent IT circuit may take 
the Form cepicted in Figure II.38, where Ly, -= magnetization inductance; 

Lu and 4p: -- primary and secondary winding leakage induction, a and 

Co2z-- primary and secondary winding parasitic (inter-turn) capacitances.** 
It follows from examination of this circuit's frequency properties that magnet ization 
inductance stipulates pulse shape low-frequency distortions, i. e., reduction 
of its peak. These distortions are less, the greater the inductance Ly, i. e., 
the greater the flux Dy , and, consequently, the core's magnetic permeability. 
Leakage inductances stipulate the pulse shape's high-frequency distortions, /77 
i. e., stretching of its porche3, and must be as slight as possible. Therefore, 


one will strive for a coupling coefficient close to 1 in an IT: 


M (11.62) 
—" 1 
Ve y 1,2; ai 
High-frequency distortions also are created due to influence of parasitic 


capacitances C,, and Cy, , whach shunt the IT input and output. Moreover, parasitic 


capacitances, along with winding inductances, form oscillating circuits, which 
receive shock excitation from the input pulse's porch and droop. As a result, 





“This also provides the basis for conditional assignment of IT to the class 


of linear circuits. 
**Resistances of active loss2s in each of the yvindings and in the core and 


an inter-winding capacitance are not c~.sidered in the circuit for simplicity. 
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Figure 11.39. IT Output Pulse Shape. 





parasitic damping oscillations arise as the porch and droop act upon the IT output. 


The normal shape of an IT output pulse is depicted in Figure [1.39. 


The (11.61) equations for the Figure 11.38 circuit may be written 


do, ., dl dd di, ; 
u,,= Wit tle ai By Vit tla (11.63) 


where W, and W, -~- number of primary and secondary winding turns. 


Hence, it follows that, if there are no leakage inductances (Lp=lya=0) , 
then 


wv, (11.63a) 


bay, ™ vv, Uy, = 2U,,, 


where as Yelp — transformation ratio. 


The power the transformer requires from the source equals 9. =u,,i,, while 
the pover in the load equals pyeuyuyi2, . If one disregards losses of energy in 
the [T, then f:=/P:. 

Mg i, 


=: (11.64) 


It is convenient to use IT equivalent circuits in which the parameters of 
the secondary network are converted to the primary (or, vice versa, the parameters 
of the primary network to the second). In the first instance, if you do not 
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Figure I1.40. Simplified Equivalent IT Circuit Wher Parameters of the 
Secondary Network are Conver*ed to those of the First Network. 


consider leakage inductance and parasitic capacitances, an equivalent IT circuit 
like the one depicted in Figure 11.40 may be used, where Ly=wl, -- magnetization 
inductance: i. <= magnetization current creating flux Dv ; Ri, t) Wy, cw load 
resistance, secondary network current, and secondary netwerk voltage zecuced /73 
to the primary network, respectively. The values of the reduced magnitudes will 


be found from the following considerations. 


{f there is no load resistance R, (IT running at no load), then i2=0 and 
all the current of the primary winding would create magnetization Flux beri 6 
When resistance R, is present, current i, creates a degaussing field, whose action 
is equivalent to a decrease in magnet ization current passing across inductance 


ly» to slight magnitude ig: 


eth & (11.65) 
This decreased magnetization current also creates magnetic flux inducing 


reduced output voltage: 


oe wel Se. (11.66) 


, . 
Based on (11.64), Inoking upon current ib as current arising in the orimary 


winding as a result of the passage of current io in the secondary winding, we 


will get 


(11.67) 


4 = A's, 


Since current ‘5 appears due ta the influence of the load, then, in the 


equivalent circuit, it flows across reduced load resistance Roe 
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Further, in accordance with Figure I1.40, we get Raat = m, + Gut, since 





dau Yas 








Uy = —F-. vhile aa Res then 
Rom See ee (11.68) 
Finally, 
ty, =k, =, et ye (11.69) 


IT structure must provide minimal leakage inductance and parasitic capacitance 
values, a maximum magnetization inductance value, and slight losses of energy 
in windings and the core (to eddy currents) even for the high-frequency components 
of the pulse spectrum. For this purpose, IT windings have an insignificant number 
of turns placed one atop the other, while the IT core is wound with fine ribbon 
steel with a high permeability value and has a relatively-large cross-section 
while being short. High-quality pot-type magnetic cores are widely used. /79 
The steep porches of the currents passing through the IT windings induce high-voltage 

* . li sei fe . : 

pulse voltages in its windings L a; . This generates the requirement for 
better IT winding insulation. Nonetheless, the most characteristic IT shortcoming 


is the insulation’s electrical breakdown. 


Usy Yaux 
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Figure II1.41. Damping Diode Connection Circuit and Action. 


IT windings sometimes are shunted by resistances, which damp parasitic 
vscilla. ing circuits and convert them to the aperiodic mode, in order to 
eliminate output voltage oscillations (Figure 11.39). However, here, 17 accordance 


with Figure [1.35, output pulse droop is stretched. In some cases, the first 
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positive half-wave of oscillation following the pulse trailing edge is especially 
undesireable. This half-wave can act upon the next stage just as the basic pulse 

does (for example, causing a repeat false triggering of the stacting circuit). 
Suppression of this half-wave usually is provided by a special damping diode connected 
as shown in Figure I1.4la. This diode is opened only by the action of negative 

output voltage. Therefore, while the pulse is active, it remains blocked, i. e., 

it exerts no influence on pulse shape and, in particular, does not stretch its 
trailing edge. The diode opens due to the action of the first negative half-wave. 
Here, since the conducting diade's internal resistance is slight, damping 
significantly greater than critical will be introduced into the circuit and further 


oscillations cease (Figure I1.4lb). 


EXERCISE I1.17 
Explain why, in spite of the presence of inductivities of windings Ly and 


Los rapid (almost instantaneous) changes in currents iy and i, are possible in 
an IT when there is a change of pulse porch and droop. (Page 456) 
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CHAPTER III /80 
PULSE AMPLIFIERS 


§ 1. GENERAL INFORMATION ON PULSE AMPLIFIERS 


vemownis 


On Ven 





(a) (6) 


Figure [11.1. Amplifier as a Two-Port (a) and Basic Amplifier Structure (b); 
(c) -- Feed source; (d) -- Amplifier; (e) -- Source; (f) <= Load. 


Pulse amplifiers are used in the receiver video amplifier and in other radar 
station pulse devices when there is a requirement to increase video pulse amplitude 
without shape distortion. In addition, pulse amplifiers organically are included 
in such other pulse circuits as certain limiters, pulse generators, sawtooth 
generators, equation conparison circuits, and so forth. Amplifiers are assembled 
from electron tubes or transistors. In the most common form, an amplifier can 
bi a twoeport having two input and two output terminals with an external supply 
8s rc@ connected to them (Figure "Il.la). Amplivier input and output, as a rule, 
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have one common point connected to the circuit's chassis ("grounded"). Control 

of supply source energy will occur under the influence of a low-power input signal, 
which thereby creates the output signal. Electron tubes or transistors here play 
the role of control eiements -- valves, regulating the flow of source energy over 
time based on the law of input signal change. Thus, from a power point of view, 
Signal amplification is stipulated by source energy consumption. 


Voltages and currents in an amplifier generally also have direct and /31 
alternating components. Direct components determine the mode when input voltage 
equals zero. Alternating components determine the amplifier's "a-c" operating 
mode. This very mode characterizes the passage of pulse signals across the amplifier. 
Therefore, for analyis of pulse amplifier operation, ve will use their structural 
and equivalent circuits only for alternating components. The element determining 
the amplifier's "a-c" operation are not depicted in these circuits, all d-c sources 


being replaced by a short circuit, in particular. 


An amplifier structural diagram is presented in Figure III.1b, in which the 
input signal source is represented by emf generator ¢ with internal resistance 
”. loaded to amplifier input resistance Ase, , while the amplifier itself from 
the output -- in the form of emf generator ey- with internal cutput resistance 
Ruicx. loaded to load resistance R, *. 


Amplifier input resistance R,, is understood to mean its internal resistance 
measured from the input terminals, while output resistance 2s. is understood to 
mean its internal resistance measured from the output terminals, i. e., resistance 


which the external load "encounters." 


Figure III.1b amplifier input and output circuits conditionally are depicted 
as isolated. Coupling between them is reflected by ratio 


C5 a ka, 


where K* -= amplifier voltage gain without considering the effect of load resistance. 





*Any of the emf generators may be represented also in the form of a current 
generator (see Attachment 4); here, other amplifier structural diagrams result. 
In addition, generally speaking, all resistances in Figure III.1b may be complex. 
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Amplifiers are categorized as voltage, current, and power, depending on the 


ratio of the parameters in their input and output circuits. 
If this condition is satisfied 
Rw RR, RyPR.. (11i.1) 


then inout and output current are insignificant (the output signal source anJ 
the amplifier itself operate virtually in a no-load mode), while input and output 


voltages are maximum: 


2 Rar soe R, 
Hay = ba Ra OBO = er: Hous = Ove BB Oe (IlI.la) 


In this event, the amplifier's determinant property is voltage amplifical.ion 


and its basic parameter is valtage gain, understood to mean the ratio of the cutput 


voltage increment to the input voitage increment that caused it: /82 
K,=K= 5. (I{1.2) 


The (III.1) ratios are satisfied usually for electron tube amplifiers, wh:ch 


also will fall in the categury of voltage amplifiers. 


if this condition is satisfied 


RiSRE RyRy (111.3) 


then input and u-tput voltage are insignificant (input signal source and the amalifier 
itself operate virtually in a short-circuit move), while input and ouzput voltaje 


are maximum: 


i er dag, OP Ss ye 88 w3a) 
a Rk BR bus = wth a (III .3a) 
In this event, the amplifier's determinant property is current amplification 


and its basic parameter is current gain 


Kies St (121.4) 
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Ratio (III.3) usually is satisfied for transistor amplifiers, which therefore 


fall in the current amplifier category. 


If conditions whereby the generator agrees with load (see Attachment 4) are 
met for the source of the input voltage and of the amplifier itself 


Ra=Ra Ry=Rar, (111.5) 


then input signal power consumed at ampli:ier input and output signal power supplied 
to load are maximum and the amplifier is a power amplifier. 


In practice, amplifier division into three categories will be less strict. 
For example, the term current amplifier is given to a voltage amplifier based 
on operating conditions at input with a current output ik, ha Rye Wy) 
The term power amplifier is applied to a voltage amplifier based on operating 
conditions at input with power output (RoR, Ras = Re) , and so forth. One 
also should keep in mind that power amplification of a signal must occur in any 
amplifier, even when agreement conditions (III.5) are not satisfied. 


Pulse amplifier special features are linked with the requirement to obtain 
minimum distortion of amplified pulse shapes. Electron tube and transistor amplifiers 
have nonlinear volt-ampere characteristics. The amplifier operating mode is selected 
so that essentially only the linear sectors of these characteristics are used 
when an input sianal is active in order to decrease nonlinear distortions. This 
also provides a basis for representing the amplifier by equivalent circuits /83 


justified for linear devices. 


Amplifier bandvidth must be as large as possible (see Attachment 7) to decrease 
linear (frequency) distortions. Therefore, resistances are used as the pulse 
amplifier toad and, moreover, special frequency compensation measures are used 
to compensate for the influence of stray and coupling capacitances. 
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§ 2. ELECTRON-iUBE AMPLIFIER OPERATING PRINCIPLE 
1. Electron-Tube Static Characteristics and Parameters 


Tube device output voltages are picked off load resistances connected to 
the tube's plate current network. Tube characteristics and parameters, not 
considering the influence of load resistances, i. e., describing the properties 


of the tubes themselves, are referred to as static. 





Q Ya 


Figure IIl.2. Diode (a), Its Actual (b), and 
Idealized (c) Plate Characteristics. 


A diode, having only two electrodes -- a cathode and an anode (Figure II1.2a) 
-- is the simplest electron tube. The properties of a diode as a nonlinear resistance 
are “escribed completely by the diode's static plate characteristic (Figure III.2b), 


by the relationship of its plate current to plate voltage: 


1, =2(4,). (111.6) 
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In this characteristic, E., -~ diode cut-off voltage, /’ -+ saturation 
voltage, / -— saturation current. When 4:>90 (plate potential exceeds cathode 
potential), a plate accelerating electrical fiela exists in the diode, under the 
influence of which electrons emitted by the cathode displace to the anode. In 
area 9<u,<l’. (area of spatial charge existence) relationship (I11.4) essentially 
is linear. When ;; -a , Slight initia} current / (on the order of tenths of /84 
a milliampere) exists in the diode since several of the fastest electrons emitte’' 
by the cathode are supplied to the plate and there is no accelerating field. 
Therefore, complete cessation of plate current (diode cut-off) will occur given 
a certain negative plate voltage u,#é,, which, for the majority of diodes, is 
70.25 to -0.75 V. In the range £,,<.u,<0 , the plate characteristic is nonlinear, 
which is stipulated by the random distribution of initial electron speeds. In 
practice, the nonlinearity of the diode's plate characteristic and values £,, 
and /, are disregarded and the idealized plate characteristic (Figure I[I!.2c) 


is used. 


Thus, the diode's main property is its unilateral conductivity. A diode 
has no amplification properties due to the absence of a grid. Therefore, diodes 
are used for nonlinear conversions of pulse signals not linked with their 
amplification in such devices as detectors, level holds, and amplitude limiters. 


We will examine a diode's basic parameters. 


The ratio of the plate cusrent increment to the plate voltage increment it 


caused is called the diode's transconductance: 


Ue ( ua 
S= =e (~*]. (I1I.7) 


Graphically, transconductance is determined to be the tangent of the slope 
of the characteristic at a given point to the X-axis (S=tga) (see Figure III.2b). 


The diode's internal resistance to alternating current is the ratio of the 
plate voltage increment to the plate current increment it caused: 


(111.8) 





i a 





Values S and . are constant for the characteristic's linear sector, 3 decreases 


in the lower and upper nonlinear sectors, while °, increases. 


A diode's internal resistance to direct current is the ratio of plate voltage 


to plate current: 


Ro = 2 [o} 
‘ (I{I.9) 


A diode's internai resistances to alternating and direct current generally 
do not equal each other. Thus, for point 1 in the linear sector Ry = ety?» But 


Yann, ; 
R. Spe Bi since >a , then Rye<R, . Values Ay ana Rye coincide 


for the diode's idealized characteristic. 


The less a conducting diode's internal resistance (forward resistance) and 
the greatec a blocked dicde's internal resistance (back resistance), tne /85 
moce arely are its electrical valve-like actions expressed. The internal resistance 
of most diodes used in pulse technology to alternating current for tre linear 
sector of the characteristic will range from l0U-~1,000 ohms, vhile the back 


resistance will be hundreds of megohms. 
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Figure III.3. Triode (a), Its Plate (b), and Its 
Transfer and Grid Characteristics (c;>. 
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& diode's stray interelectron capacitance C, (in Figure II].2a it 
conditionally is connected by the dotted line outside the tubes bulb) may have 
significance as diodes operate in pulse circuits. This capacitiance is referred 


to as a transfer capacitance and usually comprises about 5 pF. 


The simplest amplifier tube is a triode, which has three electrodes -- anode, 


cathode, and control grid (Figure III.3a). 


Triode plate current is a function of two variables -~ plate and grid 


voltages: 


ig == 2 (Bq, My). (111.10) 


Therefore, a trinde's basic properties are described by relationships of 


tvo forms: 


i, == 2(8,;) where U, = const (IIr.11) 
i, =o(u,) where U, = const. (121.12) 


Relationships (III.11) for various fixed values Y, are referred to as /86 
static plate characteristics (Figure III.3b), while relationships (111.12) for 
various fixed values Ll’, are referred to as static transfer characteristics (Figure 


IlI.3c). 


Negative voltage E,, in transfer characteristics where current ‘4, ceases 

is referred to as cut-off volta;e or triode cut-off. Cut-off voltage for higher 
l', values increases in magnitude (transfer characteristics displace "to the left") 
since a greater grid brake field is required tc neutralize the plate accelerating 
field. Plate and transfer characteristics in aifferent coordinate systems reflect 
the identicai (III.10) relationship. Therefore, they are coupled organically: 
transfer characteristics may be plotted from the family of plate characteristics 
and, on the other hand, plate characteristics may be plotted from the family of 
transfer characteristics (see dotted~line plots in Figure III.3b, c). 


Given 4,.>0 , grid current ig passing from the grid to the cathode arises 
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in the triode, along with plate current, due to electrons which are intercepted 


by the control grid. Relationship 


2 (u-) where c', =const (111.13) 


are referred to as grid characteristics (grid current characteristics). They 

are plotted on the same curve with the transfer characteristics (Figure III.3c) 
and demonstrate that the conducting properties of the triode's grid--cathode path 
are analogous to the diode, for which the triode's grid plays the role of plate. 


We will examine a triode's basic static parameters. 


Transconductance of a triode static transfer characteristic (abbreviated 
simply as transconductance) is the term used for the ratio of the plate current 
increment to the voltage im the grid that caused it, given constant plate voltage: 


sate [-4a'a} where U, = const. (111.14) 
Transconductance characterizes the efficiency of the grid's control activity 
and demonstrates by how many milliamperes triode plate current changes when grid 
voltage changes 1 volt. Value S equals the tangent of the triode transfer char- 
acteristic slope for a given value U, at a given point to the X-axis (see triangle 
6'e’’ in Figure III.3c, where S=tgr ),5™2+5 mA/V in the linear sector of 


the characteristics for the majority of triodes. 


Triode gain M is the term describing the ratio of the increments of plate 
and grid voltages, each of which that, acting independently, would cause an identical 


change in plate current: 


su, where Ai, = const, (III.15) 


The concept of this parameter may be explained in the following manner. /87 
Since the grid will be closer to the cathode than the anode, a change in voltage 
uy affects plate current magnitude greater by a factor of m than such a change 
in voltage «u,.. In other vords, obtaining a given change in plate current requires 
that the plat2 voltage increment be greater by a factor of «than the grid voltage 
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increment. Value se may be determined both from the family of plate and from 


the family of transfer characteristics. Thus, for example, examining triangle 
4ce in Figure III.3b, we see that a change in plate current by magnitude 
\t, wee requires either that, given U,=0 , plate voltage be changed by magnitude 
Ma m6em73 Vy, OF, given u,=200 V, changing grid voltage by magnitude \U.=4 V, 
Examining triangle 6’e’e’ in Figure III.3c, we see that obtaining an identical 
change in plate current Ni.=¢’6'=<e requires either, given l/,-200 V, changing 
grid voltage by magnitude \u,~=e’6'=4 V, or, given u,=0 , changing plate voltage 


by magnitude \¢.=75 V. In both instances, we will get u= ata a 2 
g 


=ly . 
It is possible also to determine gain from approximate formula 


Sees, (111.16) 
. Ego 


where F,, ~- triode cut-off voltage corresponding to given value U, . 
Values ™ for triodes usually comprise several tens of unities. 


The ratio of the increment of plate voltage to the plate current increment 
it caused, given constant grid voltage, is referred to as a triode's internal 
resistance to alternating current R, : 


R= Ze [ox] where U, = const. (111.17) 


The physical concept of this parameter is identical to that for a diode. 
Value 2, will be found from the triode's plate characteristic for given value 


U, (see, for example, triangle 6ze in Figure III.3b, where &,= St sctys ). 
The magnitude of resistance R, for triodes usually comprises unities or tens 
of kilohms. 


A triode's internal resistance to alternating current R,, 1s, as for a diode, 
the ratio of plate voltage to plate current: 


Rum i. (1II.18) 
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Value Rw is determined from the triode's plate characteristic and may be 
changed within broad limits, both during a change in plate voltage (as a /88 
result of the nonlinearity of the characteristics) and especially during a change 


in grid voltage. 
Using expressions (111.14), (111.17), and (III.15), we will get 


SR, =». (III.19) 


Ratio (III.19) is referred to as the triode's basic or internal equation. 


There are three interelectrode capacitances in a triode, conditionaily depicted 
in Figure III.3a inside the tube's bulb. Grid--cathode capacitance C,, is called 
input capacitance, plate--cathode capacitance C,, output capacitance, and plate-~- 
grid capacitance Ce, is called triode transfer capacitance. Interelectrode 


capacitance values in triodes usually comprise unities of picofarads. 


EXERCISE I11.1 
a) Prove ratio (III.16). 


b) Determine and compare triode resistances to alternating and direct current 


as points @, 5,¢ in Figure III.3. 


c) Explain the relative position of the grid currert characteristics for 


various values (, in Figure III.3c. (Page 456) 


A triode shortcoming is significant (2--15 pF) transfer capacitance Cu. 


which stipulates the stray capacitive coupling between input and output circuits 
for the high-frequency components of the pulse spectrum. 


A five-electrode amplifier tube, a pentode, which, along with control grid 
Sy has screen grid 99 and suppressor grid 95 (Figure I11.4), to a significant 
degree is free from this shortcoming. Screen grid 32 functions as an electrostatic 
screen between the plate and control grid 9)° Grid 92 "grounds itself" for the 
alternating component across bypass capacitor (rr. to eliminate the capacitive 
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Figure III.4. Pentode. 


coupling betueen these electrodes, while constant positive voltage Ve(UVa~05 Us) 


is supplied to grid Qo to create an accelerating field between it and the cathode. 
Since {'. > , some electrons displacing tc the anode must be intercepted by 


the screen grid and current ‘.: arises in it. 


Suppressor grid 95 usually is connected to the cathode. Therefore, an 
accelerating field directed at grid 93 exists in the plate--grid 95 path, even 
given slight plate voltage «.>9 . This field constrains the onset of the dynatron 
effect -- secondary electrons dislodged from the plate dropping onto grid 95 -~ 
and returns them to the plate. 


. 2-18 
Up, censt U, 








———— = 





O Ua Van Yang 
Figure III.5. Pentode Static Plate Characteristics. 


The family of the pentode's static plate characteristics (,=2(x,) /89 
where (,,;<.oust’ and of various fixed values Uy:. is depicted in Figure III.5. 
Raties :,;= =siu,) given identical conditions are depicted by the dotted line. 
Each plate characteristic has a sloping nonlinear sector in area wsi<lipp and 
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an almost horizontal linear sector in area u,>/,,, , where Ll .,. -— plate voitage 
critacal value corresponding to the boundary between these sectors. This plate 
characteristic form is explained as follows. Since Ug cri aly then a strong 
brake field Virected at grid 93 forms in the path between grids 95 and 9o- 


This field is weakened by plate accelerating field, which penetrates partially 

across the grid 93 turns. Given slight plate voltages u,<Uiy » a brake field, 
which delays electrons flying across grid 92 with insufficiently-high speeds, 
prevails in the aforementioned path and returns them tu this grid. Here, current 
‘ss increases due to the decrease in current /: . Therefore, this pentode operating 
mode is referred to as the return mode. In this mode, due to the increase in 

voitage ": because of the growing action of the plate's field, fewer and fewer 
electrons which flew to grid go are returned in its field between grids 95 and 
Go» while remaining electrons drop onto the plate. Therefore, current is increases 
due to the current ie decrease. Given sufficiently-large plate voltages 

wv sax , the brake field between grids G5 and Io is compensated for by plate 
accelerating field to the extent that already all electrons that migrated to grid 
92 drop ante the plate. Here, current ig, is created only because cf the electrons 

en route to plate directly intercepted by grid oe This pentcde operating mode 

is referred to as the intercept mode. In this mode, the number of electrons 
intercepted by grid g, is determined (fur given value (a1) mainly by voltage 

U., and virtually will not depend on voltage us since plate accelerating field 
essentially operates only beyond grid Go and thanks to the presence of grid 95 

in weakened form. Therefore, currents in and ig2 in area %>Usxy virtually vill 
not depend on voltage ue: i, const: t,2=const.. For the majority of pentodes, 


U, uy 30 ~60 V. 


Basic pentode parameters are determined by the identical ratios (111.14--II1.19) 
as were those for a triode. However, since the presence of a screen (as vell 
as a suppressor) grid weakens the influence of the pentode's plate voltage on 
plate current magnitude, pentode internal resistance to alternating current /90 
is great and usually will fall in the R,=0,1-1 M Q range. Pentode, t ranscen~ 
ductance may reach 10 mA/V and more due to screen grid accelerating field. The 
increase in Rs and S values, in accordance with (111.19), will lead to an increase 
in pentode gain se to several thousand unities. In addition, thanks to the screening 
action of yrid 92 (and 95 a8 well), the pentode's transfer capacitance Cu.g: decreases 


to thousandths of pF. 
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Pentode operation in plate characteristic horizontal sectors usually is insured 


since it is in these very sectors that pentode internal resistance to alternating 


current is constant and great: R,= = m=ctgz . In addition, the very weak 


relationship of plate current to plate voltage in this area stipulated wide use 
of pentodes as current~stabilizing one-ports (see Chapter IX, § 3). 


Since all currents in a pentode are created due to cathode emission current, 
then pentode full cathode current generally (where u,>0, u,2>0, ug>0) equals 
beh tint in lignSty). (111.20) 
Current ‘ magnitude and, consequently, that of all its components, will 
depend materially on control grid voltage (the relative position of the charac- 
teristics for various Vs values in Figure III.5 explains this). Given 
ly <&p, , the pentode is blocked at the control grid (cathode current) and 


all currents in it cease.* 


Given fixed voltage U,:>E£,yo: , current is=const , while the ratio between 
its components i. and ig2 will depend on the suppressor grid’s potential. Therefore, 
in several circuits, suppressor grid 95 is disconnected from the cathode and is 
used as a second control grid, supplying negative signal Ug3 to it. 


The controlling influence of grid 95 is explained in Figure III.6, /91 


where relationship (,=9 (43) and i,,;=9(u,,;) Curves, where UL = const for two 


fixed U_, values, are presented. 


gl 
These relationships are explained in the following manner: where u,)=0 

and U,>Usn, (intercept mode), i, m1, + In area uwa>O0 , current i, increases 
slightly since its increase where i,=const is possible only due to the i 2 decrease, 
which is small. When voltage Ugs decreases, the braking action of the field between 
grids 93 and 92 increases, resulting in an increase in current iga? while current 

i, decreases (the pentode transfers to the return mode). Given a slight 
sufficiently-high negative voltage ug;=E, os: value, the braking field between grids 





*Only current ‘1 and teig+iy, cease when Eyy<lyis0 
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Figure III.6. Ratio of Currents I, and 1,2 to Voltege Us 
(Transitron Effect in a Pentode). (a) -- Where. 


95 and 92 intensifies to such an extent that not a single electron can overcome 
it and reach the plate. Here, current i 2 will become maximum  ig2tk , while 
plate current disappears. Voltage £.. is referred to as pentode suppressor grid 
(plate current) cut-off voltage. A further reduction in voltage u_, already will 
not lead to a change in current ig2 since cathode current essentially will not 


depend on the grid 95 potential. 


Redistribution of pentode cathode current between plate and screen grid due 
to the voltage change in the suppressor grid is referred to as the transitron 
effect. Presence of the characteristics’ falling sector i,,=¢ (uss) makes it possible 
to use the transitron effect in a pentode to obtain spasmodic transitions in certain 


sawtooth generator circuits (see Chapter IX, § 5). 


EXERCISE III.2 


a) Under what conditions may screen grid current in a pentode equal zero? 


b) Negative voltage u_, is supplied to a suppressor grid when the latter 
is used as a control grid. How does that impact upon elimination of the 


dynatron effect? 


ec) Explain the relative position of the characteristics in Figure III.6 


for various fixed values of U_.. (Page 457) 


gl 
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2. Fundamental Ratios in an Electron-Tubve Amplifier 





Figure III.7. Generalized Basic Circuit for a Triode Amplifier 
with Plate and Cathode Loads. 


A generalized basic triode amplifier circuit is depicted in Figure III.7. 

The alternating compaient of input voltage “ss influences the control grid, eliciting 
a change in tube control voltage 4s and current ins An increase in voltage us; 

means a change in voltage ug and current i, as well, while a decrease in voltage 
us, means a decrease in voltage Ua and current i,- Thus, plate current always 
changes in phase with the stage's input voltage. Plate voltage ES source, 
plate load zesistance Ra» and cathode load Rs. are connected to the plate current 
circuit. Stage output voltages us and u, are picked off these resistances.* 


Output voltage via plate output differs from source E. voltage in the magnitude 


of the voltage drop across resistance R,: 
t, == Ey — tp, @E, — bRe (III.21) 
while this voltage's alternating component equals 


(III.21a) 


um —i,_R,. 


Therefore, if current i, increases, then voltage Us decreases. On the other hand, 





*Resistances Ro and & are tube load resistances. They should not be confused 


with amplifier external load resistance Rs (see Figure III.1b). Therefore, 
in future they are designated R, (see Figure III.8). 
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if current i, decreases, then voltage us increases. Thus, stage plate voltage 


always changes out of phase with plate current and, consequently, vith input voltage. 


Output voltage via the cathode output equals the voltage drop at resistance 
Ry : 


ere: (111.22) 


i. e., it charges always in phase vith plate current and, consequently, with input 


voltage. 


Since the control grid is connected across the input voltage source to :he 
low end of resistance Ra, voltage 4s turns out to be applied out of phase to 
the tube grid--cathode path, i. e., acts backwards on circuit input. Actually, 
in accordance with Kirchhoff's second law, for the input network circuit we have 


4, =U tty OF By me, — oy (111.23) 


i. e., the tube's contiol valtage 4g decreases by magnitude “.. Consequently, 
thanks to connection of resistance x , the stage turns out be be enveloped by 
negative voltage feedback, Negative feedback action may be explained in the following 


manner. 


A rise in voltage “sex will lead to a rise in voltage 4g, , which elicits 
a rise in current i, and voltage 4s . But, the increase in cathode potential 
relative to the circuit chassis is equivalent to a decrease in grid potential 
relative to the cathode, i. e., voltage u,, , and, therefore, retards an /33 
increase in current i, and voltage 4e , Qn the other hand, given a voltage 
4ex decrease, a voltage 4s. decrease will occur, which is equivalent to an increase 
wn voltage 4g, and retards the decrease in current i, and voltage “+. I[t is 
possible symbolically ta write the action of the negative feedback, given an -ncrease 


or decrease in voltage u,, by magnitude=4,,, in “he form 


Tt gy 5AM gg SAG SAM a Ady Sl -* The ZAu,- (III.24) 
2 2 ; ; : 


F 
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Figure III.8. Equivalent Circuits of an Amplifier 
with Plate and Cathode Loads. 


Considering determination of static gain » (III.15), the tube on the plate 
circuit side may be represented in the form of emf generator @.=pug,~ With 
internal resistance to alternating current Re (I1II.17). Since both load resistances 
Ra and R, are connected in series with resistance Ri to the plate current circuit, 
we will get the equivalent amplifier cir-sit (based on the alternating component) 


depicted in Figure III.8a. 


In accordance with this circuit 


Pugs ~ 25 
4. BTR: (III ) 


Substituting based on (111.23) 4. =4,,.— £,_R, into this expression and 


solving the resultant equation for current ‘~ , we will get 


fos Pee (111.26) 
ae Rit Ret l +p) Re 


If stage output voltage is picked off plate load resistance (4,y,— = 4,_ 
m= —t,_R,) » then, based on (111.26), the equivalent amplifier circuit may 
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be depicted in accordance with Figure III.8b, where 
RawRt+(ltaR, (111.27) 


--amplifier internal resistance to alternating current. Therefore, plate output 


stage (III.2) gain equals 





Ueys~ 4,~ §,Re aR, 
Kem ie lage age Ra Ret eR ane) 
while its output resistance (resistance the output terminals) 194 
a Raa _ RR +i + 4d Ral 
Roura Ra t Rig a ea (111.29) 


If output voltage is picked off cathode load resistance “,,,.=4,. =1,_R,, 5 
then, having divided the numerator and denominator of expression (III.26) by 


l+ se , we will get 





» 
T~o Je 
i. oe (111.30) 


7 oe +Re 
and the amplifier's equivalent circuit may be represented in accordance with III.8c, 
where 
R, +R, 
k= =," (111.31) 
-- amplifier internal resistance to alternating current. Therefore, cathode 


output stage (III.2) gain equals 


2» 
Ra 
gated ohn eo 
Ue, ~ Yox~ Uss- : 24+R, 


oa ner (111.32) 
ste 
"Ri + Retiltpira’ 





*The "-""sign in this expression reflects the phase opposition of grid and 
plate valtage changes. 
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while its output resistance 


= RiRie aes RetR, + Ra) f- 
Ruse = Ro Rae RoR elt a Re (111.33) 


Analysis of ratios (111.28), (111.29), (111.32), and (III.33) allow the following 
conclusions to be made: 

~- in magnitude, gain Ka may be significantly greater than unity, :. @., 

{Agi wl, if Ra >, vot , however always (A,)<.43 

— in principle, gain Ky may not be greater than unity 4 ~! and close 
to unity if Rice A, a sel 3 

— inequality ?.,. >”,.,. always is satisfied for output resistances; 
consequently, voltage from the piate output shou: ~ be supplied to a high-resistance 
load, while that from the cathode output is supplix 1a low-resistance load. 


Cathode output stage properties result from negative feedback action. Actually, 
we vill write ratio (111.23) for voltage increments in the form 





/ aX ‘ 

3, = Ayo d= sat } = Au,, (1 — A;). (111.34) 
Tube control voltege increment 3“ss is the reason for appearance of the /95 

output signal -~ increment \. Increments Sues, Augs, Avy have the identical sign 


so increment \u,. arises only if W,<i4u,., i, e., AK,<1 > 


In addition, when internal load resistance Ps (see Figure III.1b) is connected 
to resistance R, , voltage decrease “* is compensated for by negative feedback 
action by a current i, increase. Consequently, output voltage “s will depend 
slightly on resistance R, , which also explains the slight amount of output 


resistance Ransa. 


We will note also that any current i, stray changes (for instance, due to 
source voltage ES oscillations, tube parameter changes over time, tube replacements, 
and so on) are compensated for, in accordance with (III.24), due to negative feedback 
action. Therefore, often a amplifier has only a plate output, while resistance R, 
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is connected only for stabilization of the d-c stage’s operating mode.* However, 
presence of resistance &, , in accordance with (11i.28), always will lead to 


a decrease in gain Ky: 


Analyzing tube operation in an amplifier involves use of th2 transconductance 
of its dynamic transfer characteristic Sy, ratios of plate current inccement to 
soe contre] voltare increrert ‘4a it caused 41, , given presence of load 
resistances. Using expressions (111.25) and (III.19), we will get 











di e ao Js 
Sy = a = Rk, = Rg > Re s , R, ‘ Ry <5, (III.35) 
where S -= transconductance of the static transfer characteristic (III.14). 


The general expressions obtained abcve for gains, output resistances, and 
tube dyne—ic characteristic transconductance make it possible, as particuJar cases, 
to determine the parameters of tvo basic pulse amplifier types -- amplifiers with 
a plate load only (R«=0) and amplifiers with a cathode load onay (R. = 0). 





Figure III.9. Amplifier with Plate and Cathode Loads Without Feedback, 


In several practical circuits, in two-stage pulse generators in particular, 
amplifier input voltage from plate and cathode loads is supplied, not between 
gtid and chassis as shown in Figure III.7, but between grid and cathode according 





*And also for expansion of the stage's dynamic range and decrease in pulse 
linear distortions (see belew). 
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to the Figure III.9 circuit. In this case, as is easy to demonstrate, plate 


and cathode output gains, respectively, obtained equal /%6 
wo pR, : 
Ki=- RETR (111.36) 
pR, (111.37) 


Ki = RTRs Re 





Figure I1I1.10. Amplifier with Grounded Grid. 


We will get the (III.10) circuit if the input voltage grid terminal in the 
Figure IJI.9 circuit is connected ta the chassis and Ry=oo is accepted, This 
is referred to as grounded-grid circuit or, more precisely, a common-grid circuit, 
since the grid terminal is common for input and output voltages. We will encounter 
such a circuit when we analyze the operation of a two-stage pulse generator. 
Therefore, ve will examine its basic properties briefly. 


Since the source of voltage 4ss in such a circuit is connectcd to the cathode 
network, tube full plate current will pass across it and its output resistance 
must be slight. Therefore, a cathode follower (see below) is used usually as 
the voltage 4: source. One may disregard negative voltage feedback action, given 
the slicht source output resistance. 


Voltage t=: changes the potential af the cathode, given fixed grid potential, 
which is equivalent to a change in voltage between grid and cathode. Voltage tq 
decreases when cathode potential increases and vice versa. Therefore, 


u,.™—H#,,. and the tube may be represented by emf generator ¢ = 4, =—au,,_. 
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for consideration of the tube's controlling action, However, plate current in 
this circuit changes, not only due to a change in voltage in the grid, but /97 
also directly due to a change in cathode potential, even if the grid had been 
connected briefly with the cathode. From this point of view, the plate current 
circuit is a voltage divider comprising series-connected resistances Ro and R,, 

to which emf ¢:=—4,;. is applied. Therefore, far the plate current alternating 
component, we will get 


ete. _. fae Di 
4. = RoR > “hs (III.38) 


° Your~ ‘gio we ll Ry, 
Kya Si - A 2 (111.39) 


Stage input resistance is determined as: 





_ eye Uae R, +R 
Rane ete — (III.40) 


i. e., slightiy, while output resistance is determined from formula (III.29), 
where R, should be understood to mean voltage “e.source internal (output) 


resistance. 
EXERCISE III.3 
a) Point out the polarity of the pulses at the outputs of the circuits depicted 
in Figures 111.7, III.9, and I[I1.10 when they are supplied a positive input pulse. 
At which inputs of these circuits and for which load resistance values may the 
pulse amplitude exceed that of the input pulse? 
b) Prove ratios (III.36) and (III.37). (Page 457) 
§ 3. PLATE-LOAD ELECTRON-TUBE AMPLIFIERS 


1. Amplifier Operating Principle 


Plate-load amplifiers provide the greatest valtage gain and are the most-widely 
distributed pulse amplifiers. Basic (simplest) circuits for such triode (a) and 
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Figure III.l1. Basic Plate-Load Amplifier Circuits. 


pentode (b) amplifiers are depicted in Figure III.11. Load resistance Ro is connected 
to the tube's plate network in both circuits. Input voltage is supplied to the 
control grid across transfer network C,R,, , which passes only the alternating 
component of this voltage. Negative bias voltage E, also is applied to the grid. 
Therefore, the voltage between the control grid and cathode equals 


Ugy Uy UT Ey (Ep <0). (111.41) 


Bias voltage E. determines the tube's "dec" operating mode. Its magnitude 

is selected so that, given the action of voltage “sx~ , tube operation will occur 
in the linear sectors in the negative area of the plate c'aracteristics 4%i<0 /98 
when control grid current i,*0 (see Figure III.3c). Current ‘s: is undesireable 
since the stage's input resistance decreases, power expended in the tube input 
network increases, and, in addition, it will lead to onset of additional nonlinear 
distortions of voltage 4e (relative to voltage ues )*. However, even when 

ug<9 , several electrons "settle" in the control grid, charging it negatively 
and constraining plate current. Resistance R_, which is referred tc as leakage 
resistance (R,=0.1+2 M Q) is connected to the circuit to "drain off" these 
electrons. 





*These distortions arise due to voltage drop in resistance & of the previous 
stage as the alternating component of current in flows across it. 
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In accordance with (111.21), stage output voltage equals 4s =&,—tR,. 





Figure I11.12. For Explanation of Plate-Load Amplifier Operation. 


The amplifier pentode circuit has additional elements forming the screen 
grid feed network: voltage divider Ri» Ro» with the aid of which voltage Ug2 
is supplied, and bypass capacitor C,, across which the current i 2 alternating 
component is closed. Amplifier operation ig explained in Figure I11.12, where 
voltage 4,.=",,. for clarity is accepted as being in the form of bipolar triangular 
pulses and voltage u 1 coupling with current i, is depicted by the dynamic transfer 
characteristic (see below). In this characteristic, E_ -- tube cut-off valtage, 
!s, = maximum possible (considering the influence of the load) plate current, 


referred to as dynamic saturation current. 


In the initial mode where u,~=0 , ug =E,=const and i=l . Current /99 
Loo is referred to as initial, or quiescent, current, while puint A in the char- 
acteristic, corresponding to the fy and loo values, is called the operating point. 
Plate current U,=#£,—Jaok, initial level corresponds to current lio 


A negative pulse of current in and a positive pulse of voltage us arise during 
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the action of a negative input pulse; the opposite occurs when the input pulse 

is positive. There are no pulse shape distortions at amplifier output because 

all operating values of voltage u 7 will fall within the linear sector of the 
characteristic A'A" and, therefore, plate current changes in proportion to input 
voltage changes. Operating point A was selected in the center of the characteristic's 


linear sector (input voitage changes symmetrically to both sides) by means of 
bias voltage E_ selection for this purpose, while input pulse amplitude is 
sufficiently small. Nonlinear distortions vould result if the operating point 
is chosen incorrectly or if the input pulses in the stage have extraordinary 


amplitude. 
EXERCISE II1.4 


a) Reproduce the curves depicted in Figure III.12, having left the dynamic 
transfer characteristic and bias valtage Ey unchanged and having increased input 
pulse amplitude by a factor of 2. What will maximum and minimum amplifier plate 


voitage values equal in this event? 


b) How should voltage E_ change in order to insure amplification, /100 
without nonlinear distortions, only of the positive or only of the negative pulses 


of maximum amplitude? 


c) How can you obtain only the alternating c-mponent of plate voltace 


We =—'a.Re at the stage output? (Page 458) 


2. Oynamic Characteristics 


Statice plate (III.11) and transfer (III.12) characteristics reflect the 
properties of a tube itself. However, in the dynamic mode, given presence of 
plate load resistance Ro» in accordance with (III.21), plate voltage itself is 
a function of plate current u.sE&,—i.R, due to the voltage drop across this 
resistance, Therefore, operation of a tube in an amplifier is determined by 
dynamic plate and transfer characteristics, which, along with tube properties, 
also reflect the influence of the load. 


The characteristic, simultaneously considering relationships (III.11) and 
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(111.21) for given values E. and Ro is referred to as the dynamic o> plate load 
characteristic: 


ig = 2, (44) = ¢(E,g—tR,) where £&, = const, R, =const (II1.42) 


This characteristic will be plotted from the family of static plate char- 
acteristics and is the combination of the points of thejr intersection on the 
relationship (111.21) curve. It is convenient to present (III.21) in the fo) lowing 
form to find the latter 


Re (111.43) 


(hb) 6 ig(n) y 


& 
Les e ds 
SBS B 





Fiqure 111.13. Dynamic Characteristics of a Triode (a, b) and 
Pentode (c, d) Plate-Load Amplifier. 


Ratio (I11.43) is the load line equation. The plot of a triode dynamic plate 
characteristic is depicted in Figure [11.13a. Luad line AS intercepts. as the 


coordinate axes, portions equalling, on the basis of (111.43), OA=&, 











; E. 
(given i,=0, uawE. , and 06 = Fe (where 4% =, to ™ Re )). This line's slope 


to the X-axis equals 


a= arctg <> ax arc tg : ‘ (IT1.44) 
0A Re 


i. @., will depend only on the magnitude of resistance Ro 


Point A corresponds to tube cut-off. Given an increase in grid u_ voltage, 
current i, increases only to value Is, » at which time plate voltage is minimal 
ue@Ueuee . Values 's, and Usewm are determined by extreme upper point 0 
of load line intersection with static plete characteristics (for even greater 
voltages U_; these characteristics flow along with the load line and intersect 
it at the same point 0). The tube's operating mode in which plate current is 
maxinum and plate voltage is minimal is referred to as dynamic tube saturation /101 


whiie current /s, 15 referred to as dynamic saturation current. 


Dynamic saturation will occur because, given a decrease (due to an increase 
in current i,) af plate voltage to value U.wa, plate accelerating field will 
become so weak that a further increase in voltage U_ will lead only to redistribution 
of tube cathode current among electrodes: an ever-greater share of electrons 
is intercepted by grid (current ty increases); plate current remains essentially 


constant and equals the /s, value. 


Since values i, and Use corresponding tu portion 6d , physically are unreal, 
the dynamic plate characteristic is the cambination of the points lying in portion 
Ad. This characteristic makes it possible, for given values ES and Ra to determine 
the magnitude of current i, and voltages u, and Up, = iF, for any voltage U,. 
Thus, for example, in accordance with Figure III.13a, point @ corresponds in 
the dynamic characteristic to voltage Us 2Q. Projecting this point te the /102 
X-axis, we will get values us and Urs and, projecting it to the Y-axis, value 


I: 


The characteristic, simultaneously considering relationships (111.12) and 
(III.21), is referred tu as the dynamic transfer characteristic: 


fg = 8, (Ug, Ba) where =F, =const, R, = const (111.45) 
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This characteristic will be plotted from the family of static transfer 
characteristics considering relationship (III.21). Its plot for a triode is explained 
in Figure II1I.13b. When the tube is closed iv, <£&,) , current i, = 0 and, in 
accordance with (III.21), u, = E.: Therefore, the initial point of static charac- 
teristic (111.45) coincides with the initial point of the static characteristic 
for us = ES (point A'). This point also determines tube real cut-off voltage 
Ego An increase in voltage u_ results im onset of and increase in plate current. 
Hovever, in accordance with (III.21), plate valtage simultaneously decreases. 
Therefcre, for each large current i, value, the point of the dynamic characteristic 
will fall already in another (located "to the right") static characteristic for 
a lower u, value satisfying ratio (III.21) (points a’. 8.@.d’). Thus, dynamic 
characteristic (111.45) always intersects the family of static characteristics 
(111.12) and, therefore, has lesser transconductance. The transconductance of 
the dynamic characteristic's linear sector is determined from expression (111.35) 
if "x=0 is placed in the latter; 


ai 2 a R, - 
So= T= ae Sse (III .46) 


By virtue of the increase in voltage Ug? plate current increases only to 
value /s, , which corresponds to the static characteristic for a=U.sm ( point 
“20' ). Here, the tube transfers to the dynamic saturatiun mode, which is reflected 
by the dynamic characteristic's horizontal sector. Just as was the case for the 
static characteristics, dynamic plate and transfer characteristics organically 
are coupled together. Therefore, it is simpler to plot the dynamic transfer 
characteristic from the dynamic plate characteristic, without using the family 
of static transfer characteristics. To accomplish this, it is sufficient to determine 
i, and U_ values corresponding to each point 4.a.6ea¢ én Figure III.l3a and 
to transfer these posits to the coordinate system Cis ug]. Then, we will get 
points 4’, & 4’. @ in Figure III.13b through which the dynamic transfer char- 


acteristic will pass. 


A pentode's dynamic plate characteristic is depicted in Figure III.l5c, while 
its dynamic transfer characteristic (these characteristics assume Ug2 = const) 
is plotted from it in Figure III.13d using the aforementioned method. The basic 
difference betweer, the dynamic characteristics of a pentode and a triode /103 
are that, for the former, dynamic saturation occurs at lower (usually still given 
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negative) values u_,. This is explained by the influence of the screen grid's 
field facilitating redistribution of cathode current between it and the plate 


at low plate v ltages. 


Dynamic saturation of a tube in an amplifier arises during the action of 
positive pulses of extraordinarily-high amplitude. In this event, the idea of 
amplifier overload is brought up. A result of an overload is the onset of pulse 
nonlinear distortions (see Exercise III1.4). On the other hand, in some circuits, 
special use is made of dynamic saturation, such as in limiters with upper plate 


current cut-off (see Chapter V, § 3). 
EXERCISE I1I.5 


a) What are dynamic plate and transfer characteristics like when R, = 0? 


b) Redraw the pentode dynamic characteristics from Figure III.l3c, d and 
point out how they will change if resistance Re is increased by a factor of 2. 


(Page 459) 
3. Amplifier Equivalent Circuits and Parameters 
Assuming that ®.=0 in (III.25), we will get 
‘= r Pe 
ae (131.47) 


Rs) [eel 


6 4) 





Figure III.14. Plate-Load Amplifier Equivalent Circuits. 


The equivalent amplifier circuit based on the alternating component presented 
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in Figure Ifi.l4a, where the tube is represented in the form of emf generator 
uu, with internal resistance RS loaded across resistance Ro» corresponds tc this 


expression. 


Using ratios (Iil.2la), (111.47), and (111.19), for the plate voltage 
alternating component we will get 


, Pn » RR, S RR, 
ms Se tte Sy 
w= — 1, Re ee EOE My, TE (112.48) 


Another equivalent amplifier circuit presented in Figure Iil.14b, where the 
tube is represented in the form of current generator ¢ = Operating ecross 
resistances Ro and R; connected in parallel, corresponds tc this expression. 

The Figure III.14¢0 circuit also may be obtained directly throug” conversion of 


the Figure 1!i.14a circuit based on ratio (XI.17). 


Assuming that R.=0 in expressions (III.28) and (111.29), for a plate-load 
amplifier we will get 
R, 


Kx ~— 3S; 
TOR + Re (III.49) 


RR, 


Rus = BTR (111.50) 
Using expressions (III.46) and (111.50), also fur gain we will get 104 
Kime SR ae ia eR (111.52) 


All these ratios may also be obtained directly from examination of the equivalent 


circuits in Figure II1.14. 


Relationship (III.49) is explained by curve |K| =e (Se ) in Figure III.15. 


It follows from this curve that gain iricreases with an increase in resistance 

Re within the constraint (where Ree ) to tube static gain m« . However, 

an increase in resistance Ro will lead to a rise in the voltage drop acress it, 
not only due tu the alternating, but also because of the direct, component of 
the plate current, i. e., to a decrease in the direct component of plate voitage 
Us: As a result, given too high Ra values, the tube’s operating point falls in 
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Figure III.15. For Selection of Plate Load Resistance. 


the area of dynamic saturation, which brings with it a drop in amplification due 
to a decrease in the transconductance of the dynamic transfer characteristic (in 
its upper "bend") and onset of nonlinear distortions even of weak signals (see 
Exercise III1.4). Reestablishment of the stage's normal operation in this event 
requires an extraordinary increase in source voltage Eo Moreover, aS will be 
demonstrated, resistance Ro must be decreased for a reduction in output pulse 
rise and decay time. Therefore, as a rule, in pulse amplifiers (especially for 


pentodes) the following inequality is satisfied 


R, SR, 
(111.52) 
Here, in accordance with (111.50) and (II1.51) /105 
ansl 
Mea = Re, ZI Shs Se (111.53) 


Amplifier input resistance equals the equivalent resistance between the tube's 


grid and cathode 


R,r 
Ry = Ry = a (111.54) 


» 
Ry + Tee 





*Only for a triode, if the main requirement levied on the amplifier is obtaining 
maximum gains Rk, ~(3+5:R, 3; here, KeaiOirvsp 
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where Ry -- leakage resistance 


foe == control grid--cathode path resistance. 


If the amplifier, as usual, operates without grid currents (#,,°.9) , then 


Tyee R, and 


Rua =R, (111.54a) 


Given the presence of control grid current («,:>9) 


Rua =e (111.54b) 
Amplifier input capacitance Ca, determines the capacitive componer.t of the 

input current arising due to the presence of interelectrode capacitances Cyr 

and Cag? For capacitance Cy, location, we will assume that input voltage changes 


by a harmonic law and we will switch to the method of complex amplitudes. 





Figure 111.16. For Amplifier Input Capacitance Determination. 


If one disregards the influence of reactive elements in the plate network, 
then it is possible to represent the amplifier circuit from the alternating component 
considering capacitances C,, and Cg in accordance with Figure I%1.16. It follows 
from this circuit that the amplifier's capacitive input current equals 


‘= fat bag 


Since voltage U,; is applied to capacitance Cy, and voltagel’,, -—-U, to capacitance 
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c then 


ag’ | 
tes = jC alin lig = j00 a, (Ui. > U’,) 


and the amplifier's inout conductivity equals 


bee ' as eo a —A\i= 
Yay tt se [Coat Cag! I J (Cyn + Cag (1 KI 
= jo (Coat Cag (L FIA 1)| = J0 Con 
3 Cy U’, 
where So T- complex gain. Consequently, the amplifier's /106 


desired input capacitence equals 


Cr = Cat Cy (1 +i K|). (ETT. 39) 


Thus, where K'‘%>1 , value Cy, significantly may exceed the sum of capacitances 
Cy and C. and reach .undreds of picofarads. This is expleined physically by 
the fact that voltage exceeding input voliage by a factor of 1+ K turns out 
tu be applied to capacitance Cg° Usp — Us alg — KU al’ i +.K.) . This will 
lead to an increase in current Tag? which is equivalent to an increase in capacitance 


Cc. by a factor of I-- A. 


9 
Amplifier output capacitance is determined by interelect' ode capacitance 


Can: Couz™ Con. + 


Actually, an amplifier's input and output capacitances also include a circuit 
capacitance Cy, , which usually comprises several picofarads, Taking this capacitance 


into account 


Co One Coat Cag (1 tik Cour = Cu t Com (JII.56) 


Analyeis of linear pulse distortions will take place with the aid of the 
equivalent amplifier circuit based on the alternating component depicted in Figure 
111.17a, analogous tc che Figure I11.14a equivalent circuit, but it additionally 








e (<) 


Figure III.17. For Analysis of Linear Pulse Distortions 
at Plate-Load Amplifier Input. 


considers the influence of output capacitance Cex: connected to the plate of isolating 
capacitor Cp , input capacitance Ce, of the next stage, and its input resistance 


Ra. 


One may disregard the influence of capacitor C, in the area of the pulse 
1, . 
spectrum's high frequencies since its resistance oo is close to zero. Therefore, 


the equivalent amplifier circuit will leac to the circuit depicted in Figure III.17b, 
where Ca*Ces+ Cou: — total stray capacitance. it is evident from that circuit 
that, due to the infiuence of capacitance C,, which shunts amplifier output, 
its ACKKh acquires a "roll-off" in the high-frequency area.* Pulse shape high- 
frequency distortions, which manifest themselves in the stretching of their porch 
and droop, arise due to this since the rate of output voltage change is constrained 
by the rate of capacitance €, charge (discharge). If R228, Ru eR , 
then one may disregard the infiuence of resistances Ri and Ret and consider that 
the capacitance C, charge (discharge) time constant equals *CpR, , hence 
pulse rise (decay) time at amplifier output will equal 

by tea) ICR (111.57) 
The advisibility of decreasing resistance RY in pulse amplifiers, in accordance 


wath (111.52), also follows from this. 





‘Amplifier AChKh form is similar tu that depicted in Figure 9 (page 529). 
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On the other hand, one may disregard the influence of resistances ©u: /107 


and «,,.. in the low-frequency area since their resistances are high: 


1, — 
rea ok. —— wR, , Therefore, the amplifier equivalent circuit will 


Ah Cours 





lead to the circuit un Figure III.17c. It follows from this that, due to the 
influence of 1solating capec.tor C, , amplifier AChKh acquires a "roll-off" in 

the low-frequency area. As a result, low-frequency distortions arise, which manifest 
themselves in the droop of the oulse. The magnitude of this droop is determined 


from formula (1i.48a) for transient network CiRar 


In the medium-frequency area, .then capacitive reactance is sufficiently 
"lo 





slight, while capacitive reactances = and —!_ are sufficiently great, one 


may disregarc the influence of all capecitances in the Figure III.17a circuit. 
Also disregarding in this circuit the influence of resistance fsx (where 

Ra, > PR, ), we will return to the Figure III.14a circuit, whence it 
follows that ratios (111.49) and (III.51) determine the stage's gain at medium 


frequencies. 
EXERCISE [17.6 


a) Which tube, triode or pentode, should be used in an amplifier to obtain: 
-- greatest gain; 
-- minimum linear pulse distortions? 


b) What will amplifier output voltage and gain equal if: 

-- as a result of the "combustion" of resistance Ra» its magnitude increases 
to infinity iR,=~. 3; 

— resistance Ps shorts out due to a short circuit in assembly (R.=0) ? 


c) Multistage pulse amplifiers comprising several plate-load amplifying 
stages connecteu in series across transient R-C networks are used to obtain great 
pulse amplification, What will be the polarity of the pulses at the output of 
a three-stace amplifier if pulses of negative polarity are supplied to its input? 

(Page 460) 
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4. Amplifier Fundamental Circuit Arrangement /108 


A standard schematic diagram of a pentode plate-load amplifier is presented 
in Figure I1I.18. 





Figure II1I.18. Pentode Plate-Load Amplifier Schematic Diagram. 


In this circuit, R -- leakage resistance, R, -~ plate load resistance, 
ax -— input resistance of the next stage, C,, and C,, <= interstage capacitors, 
Ry -~ damping resistance, while Csa -- bypass capacitor in the screen grid's feed 
network, C,R, -=- self-bias cell, CyRy -~=- plate decoupling filter, L 
inductance. 


== compensat ini 


4 


} The screen grid supply network presented here differs from the Figure I1I.11b 
' circuit in that resistance Ro is absent. Here, constant voltage across grid Io 

’ is determined only by scurce E. voltage and the voltage drop across resistance 

' Ry due to passage across it of the direct component of current ig2? 


Un =F, — lp, (111.58) 


(curzent iga alternating component, as usual, is closed across capacitor Cs, ). 
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£ ‘f-bias cell C,R. will create direct negative grid bias es Bias is obtained 


due to the flow of the plate current's direct component (as well as of current 


ig2) across resistance 2, and equals 
E,a— Up = — (1,4 1 Ry (III.59) 


The alternating component of currents i, and io2 Close across capacitor 
Cc. , for which its capacitance must be sufficiently great. This is not the sole 
method of obtaining bias. In many circuits, it is obtained with the aid of a 
voltage divider fed from an external source (self-bias). Use of dynamic bias 
obtained across capacitor (., of the input transient R-C network when input pulses 
pass across it also is possible (see Chapter II, § 5). Im this case, negative 


bias may be obtained only given positive input pulse polarity. 


Plate decoupling filterC,R,will smooth plate supply voltage pulsations. /109 
Oscillations of this voltage will occur both due to fluctuations in the output 
voltage of the supply source rectifier, and due to the influence of the operation 
of the stage itself on the rectifier. The latter reason may lead to an undesireable 
mutual influence of several stages across a common plate supply source. 


Decoupling the stage from the supply source will occur in the following manner. 
When the stage operates in the pulse mode, its piate current in the pulse may 
reach a sicnificant magnitude (on the order of ampere unities), resulting in a 
drop in rectifier output voltage if special measures are not taken. 


Resistance R» selected is much greater than the stage's internal resistance, 
corresponding to a "bump" of piate current Ry», » in order to constrain the 
current consumed from the rectifier. Capacitor Cy plays the role of an autonomous 
plate supply source: when the tube is blanked (i, = 0), it charges across resistance 
R, to voitage Eo while, during the time of a pulse, it discharges across plate 
load resistance Re and the tube (i,=i-) . The capacitor discharge time constant 
must be sufficiently great so that, during pulse time ¢ , voltage in it will 
decrease slightly. On the other hand, during resting time ¢ , the capacitor 
essentially must be completely recharged to initial voltage Es 
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All these requirements will be met if 


Spa = Co (Ry + RVD be lap = he Ss. (111.60) 


Filter parameter selection also will occur on the basis of these ratios. 
Usually, when considering the filter, the permissable degree of plate voltage 


pulsation in percents is 100%, where AU," £,—U,sum — is the magnitude 





of the plate voltaye reduction during the time of the pulse (resulting from capacitor 
C, discharge). This makes it possible to specify the first (111.60) inequality 
for capacitance C, selection. 


It is evident that networks RC,,, R.Cyand RyCy are smoothing R-C low-frequency 
filters (see Chapter II, § 3). Therefure, their parameters unconditionally must 
satisfy ratio ( 11.40). The purpose of inductance Lo will be examined below. 


EXERCISE III.7 


a) What will be the consequences of the failure of capacitor “4 in the self-bias 
cell? 


b) What type bias, autonomous, self, or dynamic, may insure tube cut-off? 


c) Oetermine the requisite capacitance of the plate filter's capacitor c, 
if, given ‘=! psec, plate voltage pulsation magnitude “ts must not exceed 
5% and the stage’s internal resistance during pulse action equals Reo = 5 k§2 : 
Roe 5k Sl. /110 


d) Compute the parameters of plate filter c, and »,. if t=Il usec, 
T sean usec, E. = 150 V, plate current peak value in a pulse iy 2 0.75 A, 


while plate voltage pulsation magnitude = must mot exceed 5%.* (Page 460) 





*The conditions in this problem correspond to the operating mode of a triode 
blocking oscillator (see Chapter VI1). 
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5. Frequency Compensation Elements 


Simple High-Frequency Parallel Compensation Circuit. An equivalent amplifier 


circuit in the high-frequency area was depicted in Figure III1.17b. As a result 

of the influence of stray capacitance (, , which shunts the amplifier output, 

its AChKh in this area has a "bump", which will lead to stretching of the output 
pulse porch and droop. Compensating inductance Ls (see Figure II{.18) is connected 
in series with resistance Ro to the tube plate network for AChKh compensation 

in the high-frequency area. Given the presence of this inductance, representing 
the tube as a current generator in accordance with Figure III.14b and disregarding 
the influence of resistances Re and R,, (R >R, RDP, , ve vill get the 
equivalent amplifier circuit depicted in Figure III.19a. 


‘ 





fa) (6) b) 


Figure III.19. For High-Frequency Compensation with 
Inductance 1,(R;>R,) « 


Inductance Ls is connected in parallel with capacitance C,. Therefore, 
such compensation also is referred to as parallel. The action of inductance Ls 
is explained simply from the frequency point of view. Capacitive reactance 


=r decreases with an increase in frequency. But, here, inductive reactance 
wl also increases. Consequently, given a decrease in the resistance of one 

parallel branch, the resistance of the other parallel branch increases. As a 
result, the equivalent resistance of the branches between circuit output terminal 


remains approximately constant. 


Aralysis of the transient processes in the circuit provides an analogous /1ll 
result. Actually, given the action of current drop I, inductance Cs retards the 
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rise in current in its branch, i. e., it increases the current of the cepacitive 


branch with Co \t=l,*ic) , Since capacitance C, is charged by greater current, 


du, ae te ; ; 
the rate af output voltage growth Te aaa increases, Here, the initial 


rate of pulse porch growth remains identical to that without inductance Ll. since, 


in the first moment in any case, all current will pass across capacitance 


Ca: fe(Q) al 


Rise time is reduced when inductance Ly increases since a greater (close 
to the initial) value of charging current C, is maintained longer. However, it 
should be taken into account that inductance Loo resistance Ro» and capacitance 
C, form a parallel oscillatory circuit. An oscillatory process arises in this 
circuit given an extraordinarily-large Le value, resulting in stray oscillations 
being applied to the output pulse (see Chapter II, § 6). Its aperiodic mode must 
be insured to avoid a shock excitation circuit. Therefore, inductance Lo usually 


is selected from circuit critical damping condition (11.58): 
a] 
| C » hence 


les = Lore, (III.61) 


An example of pulse porch at amplifier output, given square pulse action 
on the input at moment t = O for various L. values, is depicted in Figure Ii1I.19b. 


Low-F requency Compensation Using a Plate Filter. An amplifier equivalent 


circuit in the low-frequency area was depicted in Figure III.17c. Asa result 

of the influence of interstage capacitor C, , the amplifier AChKh has a "bump" 

in this area, which will lead to a reduction in pulse tilt based on the law of 
exponents (see Figure II.27). This reduction may be eliminated if one insures 

an increase, based on the same law, in plate potential (point A in Figure III.17c), 
i. e., of the voltage at transient network input. The idea of low-frequency 


compensation also concludes here in this case. 


Compensation will occur with the aid of plate filter Ry. Cy , which is connected 
to the circuit just as is plate decoupling and and which does not differ externally 
at all from it (see Figure III.18). 








Figure III.20. For Low-Frequency Compensation with a Plate Filter. 


Given presence of a filter, representing the tube as a current generator 

in accoroance with Figure I1I.14b and disregarding the influence of resistance 

R,'R, => R.), we will get the amplifier equivalent circuit depicted in Figure 
III.20a. We will use this circuit to explain the filter's action. 


Capacitance Cy represents zero resistance for the pulse porch (current i 
jump at moment t = 0). Therefore, point @ potential remains equal to zero, while 
plate potential (point A) increases with a jump to identical magnitude U0, 
that would occur also without the filter. The charge of capacitor Cy with /112 
time constant *»=P,C, will occur following this. During the charging process, 
the potential of point » , and, consequently, of point A as well, increases by 
the law of exponents. 


We will assume that the filter is absent and we will consider that transient 
network output voltage diminishes as linear law (<p=RyCy>>t,). Then, at the 


end of the pulse, this voltage will decrease by magnitude 40> Un » where 


U,, ~~ pulse amplitude at transient network input (in the amplifier plate network). 


Point A potential would rise by magnitude 1U/_ =i, = R, during the 


time of the full charge of capacitor C, if the filter is present. Therefore, 
a 


{ 


expression du, = SU, l—e. *o! describes the law of growth of this potential 


from initial jump Mio, 
We will assume that condition <y=C,Rsy >t, is met, i. e., point A potential 
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during the time the pulse is active increases also as linear lay 


. : : é 
du, al wal, 2b 
82. a th 


Then, at the end of the pulse, this voltage rises by magnitude 


wey 
~ =!° Ce e 


a Fm TF wen 


Equating values \!. and \' , (in accordance with Figure I11.20b), we will 


get the condition for precise compensation in the form 





= * or = C3K, = CR, (III.62) 


from whence the requisite value of filter C, capacitance is determined. The magnitude 
of filter resistance *: is selected from condition “hn “.", wt,e However, 

an extraordinary increase of this resistance is undesireable since, just like 

an increase in resistance Ro» it will lead to a decrease in plate voltage across 


the tube and requires an increase in source voltage Es Usually, ReQ(3=5:Rk, 
§ 4. CATHODE-LOAD ELECTRON-TUBE AMPLIFIERS (CATHODE FOLLOWERS) 


1. Cathode Follower Operating Principle 


A cathode follower has high input resistance and slight input capacitance, 
slight output resistance, gain ciose to unity (less than unity), and follows input 
pulse polarity. Linear and nonlinear distortions of pulses transmitted across 
a cathode follower are insignificant, while the amplitude of the transmitted pulses 
may be coincident with supply source voltage E.: Moreover, a cathode follower 
circuit is distinguished by its simplicity and stable operation. All this stipulated 
wide use of cathode followers in RLS pulse devices as impedance-matching stages 
and in many other instances vhen high input and low output circuit resistance 


are required. 


A basic triode cathode follower circuit is depicted in Figure III.21. All 
specified cathode follower properties are explained by the action of negative 
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Figure III.21. Cathode Follower Basic Circuit. 
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voltage feedback arising thanks to connestion of cathode-load resistance Rs (see 
Chapter III, § 3). Im accordance with (111.23), for a cathode follower we have 
Une = we — Uy. 

The feedback in a cathode follower acts not only by means of the alternating 
component, but also by means of the direct component. Actually, if “%,,. =, then 
plate quiescent current lL will pass across the tube creating constant voltage 
drop (,=/R, » applied with a "minus" to the control grid, across resistance 
R,.. This voltage acts as negative bias voltage 


Oyen — U eg = — Lao. (111.63) 


In accordance with Kirchhoff's second law, we have Ea=Ueat+Ueux, for the 
input (plate) network or, considering (III.22) 


Hag = E, — t,Ry (III .64) 


In accordance with (111.23), (111.63), and (111.64), the curves of the /114 
voltages in a cathode follower given the action of bipolar trianqular pulses at 
its input are depicted in Figure III.22. The selected amplitude of these pulses 
is sufficiently low and the position of the operating point such that voltage 
4a changes in the area O>uga >£,-, i. e., essentially, there are no nonlinear 


distortions. 
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Ficure II!.22. Curves of Voltages in a Cathode Follower. 
EXERCISE III.8 
a) What polarity may voltage » have (relative to the chassis)? 


b) An increase in resistance R, will lead to a rise in the magnitude of 
voltage). ..,=-v.:2—/..#, when u.29 . Is tube cut-off possible here? 


c) How does shunting resistance &. with capacitor C. influence circuit 


overat ion? (Page 461) 


2. Graphical Analysis of Cathode Follower Opezation 
Processes in a cathode follower may be explained clearly using a graphical 
approach. The influence of load impedance Ry on cathode follower plate voltage wea 


is determined by ratio (I11.64), which is similar te ratio (III1.21) for a  /115 
plate-load amplifier. Therefore, cathode follower dynamic characteristics are 
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plotted just as are those of a plate~load amplifier (see Chapter III, § 3) given 
replacement in load line equation (111.43) of resistance Roby &. 


Assuming in (111.35) that R_ = 0, for the transconductance of the cathode 
foliower's dynamic transfer characteristic we will get 


Soo ee a Be 
Sica TS Welk, noe (III.65) 
tay Q 





Uex wane 





Figure III.23. Graphical Explanation of Cathode Follower Processes, 


This characteristic is plotted in Figure I1I.23 (curve .7 ) and reflects 


relationship 1, o3(uer, Wis) » But, Gue to negative feecback action, voltage da 


itself in a cathode follower is a function of current is: 
Up Uy, —1R, . In order to plot this function in the same diagram, ve 


will represent it in the form 


; Yor Wer 
= —B- — Rr (TII.€6) 


Ratio (II1.66) for given instantaneous vaiue uw. is the equation of the line 
referred to as the feedback line. In accordance with (111.66), the coupling line 


intersects on the X-axis (where i, = 0) portion uy =~ and slopes to this 


axis by angle 


1 
raarctga. (111.67) 
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The feedback line for another value 4s; displaces accordingly along the /116 
horizontal, and the angle of slope remains fixed. The family of feedback lines 
for various voltage ts: values, which is accepted as the parameter, given magnitude 
R.=const, is depicted in Figure [11.23 by lines 0, 1, 2, 3. The point at which 
the dynamic characteristic intersects the feedback line for a given value = ta, 
determines voltage u,, and current in in the circuit (points Age Als Ao» Az). 
So, for usy=Usy, » Feedback line 1 intersects the dynamic characteristic at point 
Ay with coordi. ites ug, iat . Other points of the lines physically have no concept. 
Operating pcin: AG lying on the feedback line for use=0 (line 0) determines 
stage d-c operating mode. This is referred to as the bias line. Jnitial bias 
Uy and quiescent current I, determine operating point position. The feedback 
line displaces to the right for positive u,, values and to the left for negative 
values relative to ijias line 0. Line 2 is pletted for value uy, =Usy wanc, where 
point Ad tuy,=0) reflects circuit state. Further increase in voltage u,, will 
shift the reflected point to area ug>O , i. @., will lead to appearance of 
current i_ and resulting decrease in state input resistance, as vell as to onset 


of nonlinear distortions due to a dynamic characteristic upper benc,. 


Line 3 is plotted for value u,,=Us; wn, Where point A, (Uga = Uge umn) reflects 
circuit state. Further decrease in voltage u,, will lead to onset of nonlinear 
distortions due to a dynamic characteristic lower bend, while, where u,,<2yy , 
to tube blanking. Therefore, value L’,, vaxe constrains positive pulse maximum 
amplitude, while value Us,ye, constrains negative pulse maximum amplitude at 
stage output. Comparing in Figure III.23 the magnitude of values Usy wane and 
Usy wm » we see that this circuit is more amenable to positive pulse transfer. 

The graphical construction presented makes it possible to use given resistance 

R, magnitude to determine stage operating point and dynamic range (values Cl’, wie 
and Lv, aye) OF, vice versa, to select resistance #. magnitude for the desired 
operating point position. However, one must consider that a change in ®. magnitude 
means a change not only in feecback line slope, but, in accordance with (III.65), 

a change in dynamic characteristic transccy-uctance as well. 


EXERCiSE III.9 
a) How and how much does the dynamic range (maximum input voltage change) 
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differ for stages with only a plat2 and with only a cathode load, given the identical 
degree of nonlinear distortions? For which stage will nonlinear distortions be 


less, given identical voltage ... change constraints? 


b) Complile plots ‘hat are analogous to those in Figure III.23, but /117 
for a higher resistance * magnitude. How vill an increase in resistance », impact 
upon stage operation? What constrains the maximum amplitude of this resistance? 

(Page 461) 


3. Cathode Fossower Parameters 


Assuming in (LII.32) and (111.33) that R, = 0, for cathode follower gain 


and output resistance we will get 


aRy 


Kea Be Re (111.68) 
RRs 
Reran = ETT TR _(LIT.69) 


Since «>1. for tr:odes and especially for pentodes, considering (III.19), 
these formulas may bo vr:.tten in approximate form 














Pe. f ae eee eee ere i ee 
Ree Seah a .? Ruan Boake = Ss feel (III.70) 
SR Ske 
Given SR,>>1 , we vill get even simpler expressions 
Kents Ruse = (111.71) 


It follows from the resultant ratios that cathode follower gain &.-<1 also 
is closer to unity (more precisely to value mT ), the greater tube transconduct- 
ance S and resistance Rk, . However, resistance R. increase will lead to quiescent 
current Tao decrease and bring stage operating point close to a dynamic transfer 
characteristic lower ben! (see Exercise I1I.9). Therefore, derending on stage 
operating conditions, resistance * on the order of several hundred ohms, unities, 
or even tens of kilohms .3 selected. Here, for example, even given a relatively-low 
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transconductance value S = 3 Ma/V (6NIP, 6NSP,5H7TC) triodes) and low resistance 


KD? in accordance with (III.70), we will get Aen, 
Cathode follower output resistance Sov wes and, given an increase in 
transconductance S and resistance .’ , also approaches ratio ' (more precisely, 


magnitude - - ). Since, for most tubes, transconductance S equals several 


mA/V, output resistance comprises only several hundred ohms. 





Figure III.24. For Determination of Follower Input Capacitance. 


Cathode follover anput resistance, given absence of grid currents, /118 
in accordance with (111.54) equals *. +”, . We will use the method of complex 


amplitudes to find the cathode follcwer's input capacitance and ve will turn to 
In accordance 


re 


its circuit for alternating components presented in Figure I11.24. 
with this circuit, input capacitive current /,, is stipulated by tie presence of 


interelectrode capacitances {,, and Cag and equals 


Since voltage lU’,~=l,,—l,, is applied to capacitance C,. and voltage L’,, ta 


capucitance Cag? then 


Ter Sly al lie = Ja, l ‘ss 
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and stage input conductance equals 


° fay > ty \ = 
Yee sie [Cuil TE) +, = 
ax 


= HLCM — Kind + Cig] = Oly, 


then input capacitance equals 


Cee. a Cyait 7 Ryn) 71h Cug = Cin (111.72) 
since ! -4 .-.'1 . Comparing the resultant expression with (111.55) we see 
that cathode ‘ llower input capacitance is less by a factor of tens than that 


for a plate-load amplifier due to negative feedback action. 


High-frequency pulse distortions stipulated by the influence of circuit input 
and output capacitances are unavoidable at cathode fallower output, just as was 
the case for a plate-locd amplifier. Since follower capacitance «~ is slight, 
. shown by the dotted line in Figure II1.21 is of main significance. 


capacitance ° 
allyl. -C,-C, , where Cy, ~- tube plate--cathade 


This capacitsonce equals < 
capacitance*, Cx, ~~ capacitance between cathode and filament, Cy -- circuit /119 


capacitance, and C, -- load capacitance. 





Figure I11.25. For Calculation of Follower 
Qutput Capacitance Influence. 


Accepting on the basis of (III.71) that Kise le Rocce » ve will assume 
the cathode follower's equivalent circuit for high frequencies in accordance with 
Figure I1I1.25. It is evident from that figure that the time constant for the 





*Capacitance ¢,, for the alternating component is connected in parallel across 
resistance ». (and, therefore, is included in C.., as a Component) since the tube 
plate for the alternating component is connected to "ground" across a capacitor 


bypassing the supply source. 
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follower output network equals 


Tear = Cay Rawr an (111.73) 


and is slight due to the insignificance of resistance &,...;, . Therefore, steep 
pulse porches are transmitted with insignificant distortions across the cathode 
follover. Thus, when C,...=40 pF, Reus x2 =230 ohms, we will get seu:~=0,01 usec, while 
pulse rise (decay) time at output will comprise ¢, ..,=3teur=0,03usec. However, 

that will be the case only given sufficiently-low pulse amplitude. It is possible 
that grid current may appear or the tube cut off and, as a result, there may be 
additional stretching of the porches if there are great amplitudes and steep pulse 
porches caused by capacitance C,,,,, which retards a change in cathode potential. 
This is explained by the curves in Figure II1.26 using transmission of a positve 


square pulse as the example. 





. ¢ 
Figure [I1I1.26. Transmission of a Pulse of Great Amplitude. 


le will examine these curves, having ratio "),="%\_l— in mind. At moment 
tye cathode potential does not change tu.=l%.) and the pulse porch turns out to 
be applied wholly to the grid--cathode sector due to the presence of capacitance 
Therefore, voltage «,. with a jump increases by magnitude l.,. If 

, then grid voltage will become positive and grid current ig appears. 


Cacce °: 


pe 
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Further, because of capacitance C.,,.,charge, voltage «. increases while voltage 

~ 4; STOPS according to the same lav. Until moment to, until «ar, the /120 
charge of capacitance ¢,,.. will occur with currents i, and ig» while, later, only 
by current is: Here, during interval tom-ti» porch steepness decreases for two 
reasons: first, due to the increase of resistance %,,.. x, and, second, due to 
the decrease in pulse amplitude affecting the grid stipulated by the voltage drop 
across the pulse source input resistance (of the previous stage) as current ig 


flows across it. Then milking of capacitance ¢,,.; will occur with time constant 


Tebit ¢ 


At moment ts, cathode zotential does not change (ue=Uy anne =u —Lauws) and, 
therefore, voltage «.. with a jump drops by the magnitude of pulse droop la. 
IF Ujewan —Un wane cE, here, then the tube is cut off. But, given a blanked 
tube, the feedbacl. circuit turns out to be disrupted. Therefore, in interval 
ti—t;; until i. <£.. , capacitance C,., discharge will occur across resistance 
R, with time constant =.) =Cs..A. >t. th, > Mausam). Then milking of capacitance — 
Caux Will occur with time constant ‘eux . Thus, the output pulse's droop is stretched 


to a significantly-greater degree than its porch is. 


We will note in conclusion that use of a pentode rather than a triode in 
a cathode follower, due to the large value of transconductance S at the identical 
R, value, provides great gain and less output resistance, while, due to lesser 
capacitance C,, , it is possible to improve the shape of the output pulses. 


EXERCISE I11.10 


a) Draw a cathode follower equivalent circuit in which the tube is represented 


in the form of a current generator. 


b) Im accordance with Figure III.26, at moment tas a decrease will occur 
in the time constant of capacitance ¢..: discharge in connection with unblanking 


of the tube. Why is there no break at that moment in the u,. and 4 curves? 
(Page 462) 
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Cathode Follower Circuit Variants 




















Figure III.27. Cathode Follower Circuit Variants. 


Several practical cathode follower circuit variants are depicted in Figure 
III.27. These circuits differ from the basic circuit (I1I.21) by the presence 
of and the methods of supplying additional bias voltage, which make it possible 
to change the positien of the stage's operating peint. In the Figure III.27a 
circuit, positive bias voltage E_ from resistance Ro of divider Ris Ro is 
supplied to grid. Capacitor (.s, bypasses resistance Ro by means of the alternating 
component. Bias voltage [,~ shifts the operating point based on the dynamic 
transfer characteristic "upwards," which makes it possible to increase the maximum 
amplitude of positive-polarity input pulses without decreasing resistance Pf , 


i. e., stage gain. 


Negative bias voltage is introduced into the cathode network in Figure III.27b, 
which is equivalent to supplying positive bias to grid. Therefore, this circuit 
operates just like the previous one. However, voltage £,<0 decreases the output 
voltage direct component, which will become equal ta Csrealbas- bye lik ol, s 
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Self-bias network #.:C, is used in the Figure III.27¢ circuit. Negative grid 
bias is obtained due to the voltage drop only across resistance &.. equalling 
Cy em Ce A aR 

The voltage drop due tc passage of the plate current's direct component across 
resistance &.. does not impact upon the position of the operating point thanks 
to capacitor C, isolating the grid from the chassis ("ground") where the direct. 
component is concemed. When input voltage is active, the output voltage 
alternating component, stipulating negative feedback action and gain magnitude, 
arises only across resistance PR.:. Usually, Rs2>Ra . Here, the position of 
the operating point is determined by resistance R,, and can be selected in the 
middle of the dynamic characteristic linear sector, while stage gain and dynamic 
range are determined only by resistance &; and can be made sufficiently large. 
The Figure III.27d circuit operates analogously. Here, the position of the operating 
point is provided also by resistance x, but, since it is not isolated by a capacitor, 
the alternating component of feedback voltage (and of output voltage), given the 
action of the input signal, is picked off from the sum of resistances RyitRae » 


EXERCISE II1.11 


Explain graphically how to determine the position of the operating point 
and dynamic range for the circuits presented in Figure III.27. Write the expressions 
for the gain of these circuits. (Page 463) 
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Figure I1I.28. Cathode-~Load Stage as a 
Current-Stabilizing One-Port. 
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A cathode-load stage assembled like a cathode follower circuit often is ,'122 
used to stabilize current i, passing across it. Here, it should be looked upon 
as a current-stabilizing "TT" one-port, whose circuitry is depicted in Figure 
III,282. In this instance, the stage, in essence, is not a cathode follower (the 
input voltage in it is not supplied, while the output voltage is not picked off), 
but given voltage us changes, current i, stabilization is insured due to negative 
feedback action identical to that in a cathode follower (111.24). Actually, if, 
for example, voltage us is decreased, then current i, must also decrease but here, 
voltage ua drops and, consequently, grid voltage u,=—u, increases. But, 


this constrains a decrease in current i,- 


We vill represent the tube in the form of emf generator pug with internal 
resistance Ri for quantitative evaluation of the stage's current-stabilizing action, 
Then we will get the equivalent circuit of a one-port for the increments of current 
and voltages depicted in Figure I1I.28b. In accordance with this circuit, considering 


that, given u..<0 » Star - Me,=—h,R, , we will get 


i, = pe Se HH Me Fe 


The latter expression makes it possible to represent the one-port by the 
Figure {11.28c equ... ent circuit, where 


su 
Riese Ret PBR (111.74) 
-- one-port internal resistance to alternating current. 


Thus, negative feedback increases stage internal resistance to alternating /123 


current by magnitude .2, . This explains the stage's current-stabilizing action. 
§ 5. PHASE INVERTER. DIFFERENCE CIRCUIT 


If load impendances equal to each other #,=8,=R, are placed in an amplifier 
with plate and cathode loads (Figure III.7), then, based on (111.28) and (Ii1I.32), 


we vill get 





‘Ky =k e's tee ark, 
oh (111.75) 


-- stage gains at plate and cathode outputs aro identical in magnitude and less 
than unity. Since, in this instance, stage output voltages u, ard ws are equal 
in magnitude but opposite in phase, such an amplifier is referred to as a phase 
inverter, 


When a pulse of given polarity is suppliec to phase inverter input, a pulse 
of different polarity, but of identical amplitude, will appear at its outputs: 
Usure™Ususe © ASSUMing in (III.75) that a.»1 , we will get 





» from whence it follows that, given sR >>1 


iK,. =A, =1 (III.75a) 





Figure III.29. Difference Circuit. 


We will examine cne characteristic use of phase inverters using the difference 
circuit depicted in simplified form in Figure III.29. This circuit makes it possible 
to obtain voltage proportional to the half-difference of two input voltages: 


Cyan K eee (111.76) 


« 


and is used widely as a conoarator in autome*ic tracking system discriminators 
(see Chapter I, § 2). 
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The circuit will comprise two identical triode phase inverters Ly and Lo 


with equal plate and cathode Inads: 


Ray = Ror = Ry = Ry Ry HRs Ry = RY (111.76a) 


The first stage has a plate and the secand a cathade output, while voltage 
divider 2 R,, R,is connected between these outputs. Input pulse voltages -- 
both of negative polarity with amplitudes U,,, and U,,. , are supplied to the 
triode grids across coupling capacitors Cp, and C,.. Output pulse voltage with 
amplitude L,,,,is picked off the contact arm of putentiometer R, across coupling 
capacitor C,, . The contact arm is set beforehand in a position whereby, given 
voitage equality u.si=uUeaz independent of their magnitude, tnere would be no /124 
output signal «..=6 . Possible differences in stage parameters are compensated 
for in this manner, i. e., balancing of the circuit will occur. Leakage resistances 
Raa and RK.» are connected only to a portion of stage loads Ff, and R, in order 
to decrease the magnitude of triode initial negative grid bias. This insures 
amplification of negative input pulses in the linear sectors of the triodes’ dynamic 
transfer characteristics (see Figure III.27d and Exercise III.11). 


EXERCISE I11.12 


Compile an equivalent circuit for a difference circuit, representing both 
G—tyur_ » Using this circuit, 


stages in the form of emt generators e,eueuss and 
(Page 464) 


prove ratio (111.76). 
§ 6. TRANSISTOR AMPLIFIERS 
1. Transistor Amplifier General Characteristics 


At the present time, amplifiers assembled on transistors are used videly 
for amplification of pulse signals and harmonic oscillations. Transistors replace 
electron tubes in these amplifiers. However, 110 complete analogy exists between 
electron-tube circuits and transistor circuits since the latter have several special 


features. 


Thus, for example, input current in the entire range of Frequencies ex:-ts 
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of interelectrode capacitances and appears only at relatively-high frequencies. /125 
Presence of input current in transistors vill lead to losses in input signal power. 

\ Moreover, the magnitude of triode amplifier input resistance has a lower value 
than that in tube amplifiers. This requires that special measures be taken for 


| 
| in a transistor. Input current in electron tubes is stipulated by the presence 
t 


amplifier stace agreement. 


Couplings exist in transistors between input and output in the entire range 
of frequencies, while, in tubes, stray feedback across plate--grid capacitance 
begins to mainfest itself only at relatively-high frequencies. Consequently, 
if ve replaced a tube with a one-port in the video frequency area, then a transistor 


during analysis will have to be replaced by a two-port. 


The dependency of transistor characteristics and parameters on temperature 
is an important transister distinguishing feature. The determinant turns out 
to be collector junction temperature, which, in low-power transistors, essentially 
will depend on environmental temperature and, in powerful transistors operating 
in terminal stages, will depend on power dissipated in the junction as well as 
on heat abstraction conditions in it. At present, industrially-produced germanium 
transistors can operate in a temperature range of -60 to +100° C, while silicon 
transistors operate in the -60 to +200° C range. 





Figure III.30. Transistor Connection in an Amplifier Circuit: 
(a) — Con .n-base circuit; (b) --- Common-emitter circuit; 
(c} == Commonecollector circuit. 


A transistor may be connected to an amplifier circuit in three different 
ways, depending on which electrode is common for the input and output network. 
Thus, there are three types of circuits (Figure III.30): 
=—- common-base (0B) circuit; 





== common-emitter (OE) circuit; 
— common-collector (OK) circuit. 


In a common-base circuit, emitter current is input current, while collector 
current is output current. Current gain in a common-base transistor circuit is 
determined as 

dle 


af, 1U, © const (111.77) 


and always is less than unity. 


The magnitude of current g-in CX , determined as the ratio of the increments /126 
of collector current and emitter current, essentially does not differ from the 
magnitude determined by the ratio of the direct components of currents, i. e., 


:= he 
4 U, = conet” (III 78) 
A magnitude of voltage gain in a common-base circuit significantly greater 

than unity may be obtained. In actuality, a change in emitter current will occur 
under the influence of alternating volta 2 Uss 

Mase. 
where 2,, <= anpu’ resistance of the circuit for alternating current. This resistance 
is slight since forward bias voltage £, is applied to the emitter junction, 


A change in emitter current will lead to a change in collector current, resulting 


in a change occurring in voltage across resistance Ry, 
SU, ye = VR, 


Voltage gain may be determined as 


Alec < MeRe R, (111.79) 


« 
Ke = SC Re Rae 
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it is possible co obtain magnitude RR, , considering that ast » if 
ratio AK, is provided, 


It is not difficult to demonstrate that power gain also will occur in an 
WB circuit. Power gain K, can be computed approximately using formula 


ae Poy Mids R 
Kye pe = at =P Re. (111.80) 


Trus, stage voltage and power gain in a transistor approximately equal the 
ratio of load resistance to input network resistance. It is for this very reason 
that semiconductor triodes got the name transistor, i. e@., transformers of 
resistance.* 


Base current /, is input current and collector current /, is output current 
when a transistor is connected as a common-emitter circuit. Hence, current gain 
for this circuit may be determined as 


3 = Ale 
Pee oy oes cena (III.81) 
Considering that A/a=(M/,—S/IA, y magnitude t>1 . /127 


It is easy to establish the coupling between current gains in a common-base 
and in a common-emitter circuit. 


Actually: 


I= My z= fe 
; 3%, Cy 2 const’ Vu = const’ 


while \/,=4/,— 3/, » hence 





ale 
se xu, At, 53 
cma ale Sa (III.82) 


*The vord "transistor" stars from the English words "transformer of resistance." 
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Sase current is the input current and emitter current is the output current 

in a common-collector transistor circuit. Hence, current gain 
*: legates 
M | ut one 


Cansidering that current ratio \/,=\/s+A/, is fixed for any type of transistor 
connection, we get 


=.= ae (111.83) 
2. Equivalent Transistor Circuits 


Three basic methods are used .:t the present time to study transistor amplifiers: 
the linear two-port, the physical equivalent circuit method, and the graphical 
method. The latter two found greatest use in engineering practice. 


The equivalent circuit method is used most uften for computation of amplifiers 
operating a small signal, i. e., when the structure and parameters of the equivalent 
circuit remain fixed and are independent of signal level. Here, an equivalent 
circuit is an electrical model in which physical processes occurring in a transistor 
are reflected. 


The graphical method is founded on use cf transistor input and output static 
characteristics. The beauty of this method is its clarity and the ability to 
use it for a small and for a large signal. However, use of static chuacteristics 
is restricted to the dc mode and the low-frequency area. Therefore, the graphical 
method is used in practice mainly for selection of operating noint and analysis 
of key transistor properties. Such amplifier indicators as current gain Kis voltage 
gain Kut aunput resistance R,,, and output resistarnce’,.,are considered using 
equivalent circuits. 


One of the clearest equivalent circuits obtained on the basis of physical 
representations of transistor operation is a T-circuit (Figure 111.31). The 
parameters of this circuit are transistor internal resistances. A current or 


voltage generator connected to the input network reflects transistor amplification 


properties. 
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Figure III.31. Equivalent Circuit for a Transistor in a Common-Base Circuit: 
(a) —- With equivalert voltage generator; (b) -- With a current generator. 


Two T-shaped equivalent circuit variants for a common-base transistor circuit 
with voltage generator ‘ui; (Figure I1I.31la) 


are presented in Figure [I[.31l: 
This circuit's parameters are: 


and with current generator a, (Figure 111.3lb). 
forward-bias enitter junction resistance; 
reversed-bias collector junction resistance; 


yo — 
r, =~ base layer resistance; 

rm ow equivalent gensrator resistance; 

CL — current gain for a common-base circuit. 


Magnitudes of interral resistances in modern transistors will fall in the 


ranges: 
‘, w= several dozen ohms; 
ra a= from several tundred kilohms tu unities af megahms; 


at 


r = several hundrid ohms. 


Magnitude CX is det :rmined by transistor materials and production technology. 


In industrially-produced transistors, CL = 0.95 —= 0.995. 


Equivalent generator resistance Tn sometimes is eliminated from a circuit, 
replacing resistance ar. equal to it. Actually, equating the voltages of cor- 
responding sectors a6 :n Figure III.3la and II1.3lb equivalent circuits, we get 


Be om Fly SUA as 


a 





In the circuit examined, transistor amplification properties are considered /1]29 
by introduction of equivalent generator :.- , analogous to generator sw. in the 


tube equivalent circuit. 


The polarity of this generator's voltage considers the circumstance that 
collector current must coincide in phase with emitter current ,, (current 


*K 


direction is indicated in Figure III.31 by arrows). 





a 6 (8) 


Figure [T1.32. Equivalent Circuit for a Transistor 
in a Common-Emitter Circuit, 


An equivalent circuit for a transistor in a common-emitter circuit is depicted 
in Figure [II.32. The Figure I1I.32a circuit usually is converted so that the 
eu.f generator 13 reflected by input current, base current i« in this instance. 
We will examine the sector of the collector network between points a and J . 


One may vrite for this sector 


bye 2 Ale ly, (111.84) 
Considering that «.=—1t,-«) in a transistor, we will rewrite expression 
(II1.84 in the fFolloying form: 
Wy 1 mg mI Se Lm HI, (111.85) 


The Figure [II.32a equivalent circuit may be converted to the form shown 
in Fagure I{1.22b based on ‘he resultant expression. As follows from formula 
(II1.85), the polarity of equivalent generator °°. is opposite of that of generator 


us, « This speaks to the fact that collector current and base current are opposite. 
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Figure III.33. Equivalent Circuit for a Transistor 
in a Common-Collector Circuit. 





An equivalent circuit for a transitor in a common-collector circuit is depicted 
in Figsre II1.33. Here, in the Figure III.33b circuit, just as in the previous 


case, the equivalent genrator's emf is expressed as input current is. 


The equivalent circuits examined may be used only at low frequencies, where 
transistor reactivity need not be considered. Moreover, modulation of the width 
of the base due to a change in collector voltage is not considered in these circuits. 
Reactive elements in a transistor necd to be considered when frequencies increase. 


Junction capacitances primarily are among such elements. 


€nitter and collector jumctions are areas with a space charge and, from /130 
this point of view, may be characterized by charge capacitances C, and C, , 
respectively. Charge capacitance magnitudes are determined by pn junction geometric 
diriens..ons and the properties of the material from which they are manufactured, 
and also will depend on external voltage applied to the junction. A change in 
external voltage vill lead to a change in the width of the spatial charge area: 
the area of the space charge expands with an increase in reverse valtage and the 
charge capacitance decreases; shrinkage of the space charges vill occur vith an 
increase in forsard voltage and capacitance increases, Since the emitter junction 
displaces in a forward direction, while the collector junction does so in a reversed 
direct:on, emitter junction charge capacitance ©, turns out to be much grecter 
than collector junction capacitance C, . Emitter junction capacitances compris 
magnitudes on the order of hundreds of picofarads, while collectar junction 
capacizances comprise magnitudes from unity to several tens of picofarads. Hovever, 
one may disregard emitter junction capacitance influence since it is shunted by 


On the other hand, coliector capacitance plays a 
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very slight resistance *-. 


NETS te a emg oe = os 








significant role since it 1s connected in parallel to resistance ry Of great 

maqnitude. For example, given a 5 pF collector junction capacitance and resistance 
HQ, the capacitive and active components of collector resistance vill 

be approximately equal at a frequency of 30 kHz. Consequently, collector capacitance 

exerts material influence on amplifier frequency characteristics. 





Figure II1.34, Collector Current Transient Characteristic. 


Diffusion processes in transistors exert significant influence on amplifier 
frequency properties. A phenomenon similar to the finite rate of electran transit 
in an electron tube is observed at high frequencies. A drop in gain CY will occur 
vith a rise in frequency. Diffused motion of carriers near the base is the nein 
cause of the decrease in gain. They will move randomly, with varied thermal /131 
tates and along varied trajectories. This will lead to the fact that, given emitter 
current jump-in by magnitude /, (Figure I11.34a), there will be no correspcnding 
collector current jump-in. Collector current pulse porch (or change) will turn 
out to be stretched (Figure II!.34b). If the duration of the current's input 
pulse coincides with collector current-rise time, then the transient process vill 
not succed in terminating and the amplitude of output current /. will turn out 


to be less than set value /,=a/ . 


Collector current pulse amplitude vill drop vhen input pulse duration decreases, 
An analogous picture will be observed given the action of a periodic pulse or 
sine signal. Thus, the variety of the average rate of carriers diffusing near 
the base vill lead to a decrease in collector current amplitude with a rise in 
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signal frequency. Fixed emitter current amplitude is equivalent to a drop in 


the factor CX magnitude. 


Along with the transistor phenomenon noted, a lag exists in collector current 
change relative to emitter current chenge. Lag time will depend on carrier mobility 
and base thickness. The period of oscillations and diffusion time will become 
coincident vith a rise in signal frequency and the phase shift between the input 
and output signal will grow. It is evident that transistors made of the same 
material but having a thinner base will provide less lag and less dispersion of 


carrier rates, i. e., they will be of a higher frequency. 


On the basis of what has been said, it is possible to consider that gain 
CX in a common-base circuit, determined as the ratio of collector current to 
emitter current, will depend on frequency and may be characterized by modulus 


1 Cx | and phase ee 


One may use the collector current transient characteristic (Figure III.34b) 
for approximate evaluation of frequency dependence of CY , which, without 
considering lag, may be approximated with satisfactory precision by exponent /132 


' 
t 


wf 


t 
i,toj=al, l-e 


Here, *, -- time constant characterizing the rate of collector current build-up 


and depending on the mobility of nonbasic carriers near the base and on the latter's 


thickness. 


Considering that in Fa! One may consider the collector current value 
in the set mode as equalling /,=:3./, (A, -- current gain value at low frequency). 
Consequently, 


ts. 


i Ht 
“los 21, l-¢ * . 


Since current /, after connection retains a constant value, then current 


gain is a function of time 


ar (111.86) 





This form of gain CX transient characteristic is analogous tu that of an 


R-C integrator (see expression 11.2). Therefore, based on an analogy with the 


1 


frequency dependence of R-C network gain CK (po) ae} » current gain 


frequency dependence may be yritten as 


2(jo) =. (111.87) 
In this event 
z(w) = ee 
bis te! 
(111.88) 


% = areiy wt, 


The frequency at which modulus CX decreases by a factor of Y2 relative 
to its low-frequency value is referred to as current gain threshold frequency 


| . 
w Proer =f (JII.89) 


2 % 


will fall within limits ranging from tens of kilshertz 


Threshold frequency + 
It should be noted that 


to hundreds of megahertz, depending on transistor type. 
the utility of the (111.88) formulas is restricted to frequencies .. ,. 


A(pils 





Figure III.35. Equivalent Circuit for a Transistor in a 
Common-Base Circuit Considering Capacitances. 


An equivalent circuit for a transistor in a common-base circuit, considering 


junction capacitances and frequency dependence of gain :: » is depicted in 


Figure [If.35, 








Current gain in a common-emitter circuit (see expression II1.82) equals /133 


aero 


fe) Seer (II1.90) 


Substituting value atjs) from (III.87) in the above expression, after simple 


conversions ve will get 


ts pS, (111.91) 
wnere 3 = qs. y= 7S = Ss 


Hence, the gain threshold frequency in a common-emitter circuit 





femal, (111.92) 


® 


Consequently, ff. , is e@., &@ Common-base circuit is more broadband than 


a common-emitter circuit is. 


Thus, a transistor gain drop in the high-frequency 2rea mainly will depend 
on a change in gain and on the magnitude of collector capacitance C,. The first 
or second factor, or both simultaneously, may play the main role, depending on 


circuit parameters and transistor type. 
3. Determination of Transistor Amplifier Basic Indicators 


We will examine the operation of transistor amplifiers in the linear ampli- 
fication made given slight signals. In this case, the operatisig point is selected 
in that area of the volt-ampere characteristics where they may be considered linear. 
In this event, transistor equivalent circuits may be used to determine basic amplifier 
indicators: current and voltage gain and input and output resistance. We will 
consider that transistor parameters are purely active, i. e., the transistor is 
operating in the low-frequency area. Influence of the reactive elements of external 
netvorks and of the transistor itself will be examined specifically using pulse 
video amplifier circuits as our example. 


Common-Base Circuit. This circuit is analogous to an amplifier with a common 
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Figure I11.36. Common-8ase Amplifier: 
(a) -= Simplified circuit; (b) -= Equivalent circuit. 


grid. A simplified amplifier circuit is depicted in Figure II1.36a, while /134 
its equivalent circuit for alternating components is shown in Figure III.36b. 

In this circuit, source &« is the amplifier supply source, while source F.. is 
emitter junction forward bias and, thus, determines operating point. Opposite 
supply polarity must be used when npn transistors are used. Resistance PR,, 
connected to the collector network is the amplifier's load, 


Lycm* lam 





; Li 2unm | En as 


Figure III.37. for Cetermination of a Transistor's Common 
Operating Point in an O08 Circuit. 


One can explain operating point selection using the family of 08 circuit 
collector characteristics and load line (Figure III.37). It is evident from Figure 
I11.36a that the load line equation, just as was the case in tube amplifiers, 
may be written in the form 


uy = Ey — iRe. 
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Providing with the aid of source &., initial current value ,, =/,.,,) we get 
operating point A at load line intersection with the corresponding collector current 
characteristic. Here, current /«, almost equal to the emitter current magnitude, 
Flows across the collector network. Collector current creates voltage drop 
Us, =/,R. across resistance R,. Consequently, in the initial mode, constant currents 
flow across the transistor networks, while constant voltage U,, exists in the collector 
(Figure III.38). 





Figure III.38. Voltage Curves in a Conmon-Base Transistor Amplifier. 


Let sinusoidal voltage ¢,=l',sinwi be supplied from moment t, to the (135 
amplifier input. The height of the potential barrier of the emitter pi-junction 
will change due to the action of the input signal, which will elicit a corresponding 
change in emitter current and collector current. 


Given positive input signal half-waves, emitter current will increase, while 
it will decrease given negative half-waves. Consequently, emitter and collector 
current alternating components with amplitudes /,,, and /,,, appear in the transistor. 
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Since an increase in collector voltage corresponds to an increase in collector 
current, the output voltage isolated from the direct component by capacitor C 
vill be in phase with the input voltage (Figure II1.38e). 


We will not consider the influences of coupling capacitor C and external 
load p, when determining basic amplifier indicators, assuming that capacitive 
reactance \, is very slight, while resistance Ry is considerably greater than 
tesistance Ry, . In this event, a Kirchhoff equation for the input and output 
netvork may be written from tie Figure III.36b equivalent circuit in the following 


forms 
yg HU wr Pa 
(Py erty em tn eR. (111.93) 
Circuit input resistance may be determined as 


R=. (111.94) 


fox 
In our case, emitter current ‘4s is input current. 


Solving the second system (II1.93) equation for current i, , we will get 


fs ~ We 


nae meke (111.95) 
Then, eliminating current ‘ from the system's first equation, ve /136 
will get 
© ra Wy , 
Us= (maT t;. 
~ eas (111.96) 
Hence, input resistance 
Yes asters 
Raph a eee ee (111.97) 


We wil] compile the output network circuit for determination of output 
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fesistance magnitude, hav .ng expressed current :, by input network parameters. 


In accordance with the Figure I11.36b circuit, ve have 


nN i we 
| Magy OT yh: wy “oss "ole 


Hence 


Te hat Re (111.98) 


Having substituted the current :, value (III.98) into the second (III.93) 
system equation and making simple conversions, we will get 


r ‘ 4 fact, \; 


ua he ae i HO 
e, Reren Cer Roaty= m/s bah (II1.99) 


Introdicing designations 


! ee ae =e. ot ro and Re She Fos Fe ae rm’ 
: 
: expression (III.99) may be rewritten in the Following form: 
ee, we = — (GR ey). (III.100) 


The minus sign speaks to the fact that, given inpuz signal positive polarity, 
output current .. will have a direction opposite to that we accepted for the 
equivalent circuit. It is possible, in accordance with the resultant formula, 

to represent the amplifier’s output network in the form of the Figure I11.39 


equivalent circuit. In that circuit, resistance & +15 transistor output 





resistance 
J ? a7 PF , Sere ss 
(111.101) 
Current gain 4. ~ se. may be found directly from the second system (III.93) 
equation 
- 2 (111.102) 
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Figure III.39. Equivalent 
diagram of output network 
of amplifier 





An important qualitative amplifier indicator is voltage gain, the ratio /137 
of valtage 4s«« ta signal source emf e¢; 3: 


A= a. (111.103) 
Considering that ayi.=s—t& Re » while e =(r,—r,—R,)1,+ si, ONE may write 
-—= Ry 
K aoe —iR, = ie 
OT tg Oy eget Rel t Pale tye tnt Rel ot 
Hence, considering that &#,=-* (see expression III.102), finally we get 
e Rk, Ta Th UY) pee 
Ke = (Re #0, 0 00) ge tae Rep mr ily marys (111.104) 


It is evident from the resultant expression that gain K, will depend on signal 
source internal resistance A, . 


EXERCISE III.13 


How is the relationship of voltage gain to signal source resistance 
R. physically explained? (Page 465) 


The following inequalities usually are satisfied in transistor amplifiers: 


Pla reer ral 3 >, 


Thus, for example, +,=0.7 m2, ra=20% Ohms, 7,20 ohms, and a=0,55 for 


a P15 transistor. 


Therefore, discarding the small terms in expressions (111.97), (III.101), 
(111.102), and (111.104), we will get simplified formulas suitable for practical 


calculations: 
Rao er, ~ il eh 
(117.105) 
Ker, ero tm. 
Ruse = sane (I1I.106) 
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Ried aks (111.107) 
ee ee (111.108) 


It is evident from analysis of the resultant formulas that a common-base 
transistor amplifier possesses very slight input and large output resistances. 
Circuit valtage gain is much greater than unity ‘\ U2-!: , while current gain 
is less than unity (A«<l)  . Signal amplification in the circuit will /138 


occur without a change in its phase. 


Tne requirement for comparators in multistage amplifiers is a serious shortcoming 
of common-base circuits. However, the capability to obtain high gain at 
relatively-slight load resistances insures a decrease in frequency distortions, 





Figure III.40. Common-Emitter Amplifier: 
(a) -~ Simplified circuit; (b) -- Equivalent circuit. 


Common-Emitter Circuit. A circuit for a common-emitter stage and its equivalent 
circuit for alternating components is depicted in Figure I11.40. In its properties, 
this circuit is analogous to a common-cathode amplifier circuit. 


Source i, in this circuit is used to supply the transistor and to impart /139 
initi:1 bias. The cutput signal is picked off resistance #, and is transmitted 


across isolating circuit “¥#, to the next stage. 








Figure 111.41. or Determination of an OE Transistor Operating Point. 


The amplifier's initial mode is determined by magnitudes &,, Rx. Ey . O€ 
circuit collector characteristics witn load line plotted are depicted in Fiqure 
111.41. Operating paint. pasition is determined by the intersection of this line 
with the static charact 2:ristic corresponding to bias current /... . The magnitude 


of this current may be jetermined as 


E 
lo.ou = Fe 


since resistance R, majnitude usualiy is selected as much greater than resistance 


passing across the emit‘er-~base sector. 


Emitter junction potential barrier height changes when alternating sine voltage 
is supplied ta input, wrich elicits a change in base and collector current. A 
positive half-wave of input voltage (Figure II1.42a) decreases base current (Ficure 
t11.42b) and, consquently, collector current as well (Figure I11.42c). Therefore, 
negative collector voltage increases (Figure I11.42d) and output voltage turns 


out to be opposite in pnase to input voltage. 


Just as was the case for the common-base circuit, we will disregard the 


infiuence of coupling capacitors o and C and the shunting action of resistances 
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Figure 111.42. Common-Enitter Transistor Amplifier Voltage Curves. 


and ° when determining basic indicators, assuming that conditions 


nee ao . are satisfied. 


The -ystam of K:rchhoff's equations for this case vill be written as: 


We vill use these equations to find 2]] stage parameters, similar to 


vas dene for the common-base amplifier. 


(111.109) 
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The reuder is tasked incependently ta find all commoneemicter circuit indicaturs, 


[Inout resistance 





(111.110) 





Ov.tput resistance 


i Re mw a wm Ie , 
| ace = ell —1z)—-F, “Ae ata ety) (III.141) 
Current gain 
K soothe Bs Vey 
nO bam Ramey (111.112) 
Voltage gain 
og ieee. Were mr. 
ALL = TUT STI np, Re oly t etiam aipmry fy al (IIf.113) 
Considering inequalities -.(1—1)>>R, and r,(l—2)>", » which essentially 


always are satisfied, and keeping in mind that s;=—— , the above formilas are 


l—a 


simplified considerably: 


Rue at Tos: (111.114) 
Pot Re tte J ma. (131.115) 


Ruin =e yoo le woke : 
ot : 


Ay = 3; (111.116) 
Kye - pee =a 
, (111.117) 


The resultant mathematical ratios demonstrate that, given a cemmoneenitter 
trarsistar circuit, imout resistance turns out to be grester and output resistance 

! | less than in the common-base circuit. Srall rec:stance sometimes 1s connected 
to tne emitter netyverk ta increase inoput resistance. Novever, stage gain decreaces 


someyhat bere, 
i : EXERC ASt> faa e)a 


Hoy does one exsiain the fact that the magnituce of the input resistance 


an a corren-emitter circuit is greater than that in a common-base circuit? Why 





SEY WERT TREETET 





does connection of a resistance to the emitter network increase input resistance 
magnitude? 


(Page 465) 
Current gain in a common-emitter circuit is significantly greater than unity, 

while voltage gain is approximately equal to that in a common-base circuit. Signal 

pover amplification in this circuit is much greater than in a common-base /141] 

circuit, thanks to the high factor A value. Inversion of the amplified siqnal 

will occur in the circuit. The common-emitter circuit examined has found very 

wide use in lov-frequency and video amplfiers. 





Figure III.43. Common-Collector Amplifier: 
(a) ~- Samplified circuat: (b) -- Equivalent circuit. 


Cammon-Callector Circuit (Enitter Follover). A schematic diagram of a 
camman-collectcr stage and its equivalent circuit for the alternating compenent 
are depicted in Figure [11.43a, 6. Im its properties, this circuit is anaiogous 


to a cathode follower and usually is referred ta as an emitter follower. 


The amolifzer's initial mode is determined by magnitudes of resistances 
rR. ®. and source voltage &. . The cperating ooint's position, just as vas the 
case examined above, nay be determined fram the family of static output chatac- 
teristics ard load line. The load characteristic'’s equation 1, -"(* i may de obtained 
from the expression f.2/.?,*% , considering that ;.23/ . Given factor 


sufficiently close to unity, the load characteristic's approximate equation has 
the forn 


Ee = AR, aT hy 


(111.118 
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Since the voltage drop in the base-emitter sector is slight, then bias current 


, may be detertined from expression 


Ee alk 
ay « site 
fy, uo fe 


Considering /,=13-i)/, (see III.83), we have 


Ey 
pcm pee (111.2119) 
Potential barrier height in this circuit will rise vhen positive voltage 
is supplied to input, base and emitter current decrease, while emitter /142 
voltage increases (it vill become less negative). Thus, the phase of the amplified 


Signal in an emitter follover circuit does not change. 


A system of Kirchhoff equations for the Figure [I1.43b equivalent circuit 


input and output netvork may be written in the following form: 


Uy = 4 Med lg rad h — 2h, { 


UsSNigr ine mli mur Rid. f (111.120) 
We will find all the stage's parameters from these equations. 
Input resistance 
” wet ere é 
mye fe Eee (111.121) 
Qutput resistance 
Reve ee. (111.122) 
Current gain 
Ky = =e (111; 123) 
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Voltage gain 


’ ae Ry 
A= = < 


er tReet Ry ty) He (Re te fob mad” (111.124) 
{f the inequalities normally found in transistor circuits are satisfied, 


Perth, r(l ~—2)>R,; a>, 


then the resultant ratios have a simpler form: 


‘ (111.125) 
Rosa = Reason pots = Ro (B+ 1); 
Ryo n = Rous. on H%, ~ (Re HM) — 23): (1z1.126) 
Kin = King S34 lL, (III.127) 
. R, = SH 1VR 
K, © Kw = grsiys gan Tees eee (111.128) 


Thus, input resistance is great in an emitter follover circuit, while output 
resistance is slight. Current amplification is approximately the same as that 
in a common-emitter circuit, voltage amplification is '*ss than unity, and output 
voltage is in phase vith input voltage. 


Tne enumerated properties are in full accord with those of a cathode /143 
follover and, therefore, “his circuit found very wide use as buffer and output 


stages. 





figure I1].44. Composite Transistor. 
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The necessity often arises in transistor technology to match pulse generators 
with a very-high resistance output (on the order of hundreds of kilohms and even 
unities of megohms) vith a low-resistance load. In this event, special requirements 
are levied on the transistor from tne maximum CY (or B ) point of view. Composite 
transistors, as shown in Figure III.44, often are used to obtain gain o4 approximating 
unity. If transistor NY and T, current gain equals io 1 and & 29 respectively, 
then the entire circuit's current gain +, equals 


(111.129) 


2, SI IL 425. 
EXERCISE [11.15 
Prove ratio (111.129) using Figure III.44. (Page 465) 


if Qa, and Ga, are close to unity, then current gain p has a value on 
the order of hundreds and even thousands of unities in a common-emitter transistor 
circuit. Having a resistance R, magnitude on the order of unities of kilohms, 
input resistance magnitudes on the order of tens of megohms are possible. 


EXERCISE I11.16 


What will emitter foliover input resistance equal if two composite transistors 
with gains s#2909 and resistance R,=1 kSdare used in the follower? (Page 465) 


4. Pulse Video Amplifier Circuits 


Ceommon-emitter and common-collector circuits have found greatest use in 
transistor pulse video amplifiers. The common-base circuit is used comparatively 
reifly since it has low input resistance (on the erder of tens of ohms) and requires 


special matching stages. 


The common-emitter stage depicted in Figure I[11.40a may be used to amplify 
video pulses. If the amplitude of the amplfied pulses is slight and the operating 


point does not depart linear sectors of the transistor volt-ampere characteristic, 
then amplification of the pulse signals does noc differ from the amplification /144 
of harmonic oscillations examined above. Representation of the pulse in the form 
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of the sum of harmonic oscillations may be used to determine the distortions of 
the pulse shapes if the transistor frequency characteristics are known. Along 
with transistor reactive parameters influencing mainly high-frequency distortions, 
reactive elements of external netwarks, such as interstage capacitors, matching 
transformers, self-bias netvorks, and the like, play a substantial role. 


We will examine video amplifier frequency properties using the Figure II1.40a 


circuit as our example since this type circuit has had widest distribution. 


An equivalent circuit for a common- iitter stage, considering the influence 
of collector 'C.) and emitter (C,) junction capacitances by means of their direct 
connect:an to the equivalent circuit can be used for analysis of video amplifier 
frequency properties. In addition, one also must consider the frequency dependence 


of gain aifu) OF 3BZijw) -« 


However, junction capacitances play a decisive role when using high-frequency 
transistors vith a large frequency limit maaritude (for example, P403 transistors 


with frequency ‘=328 MHz). 





Figure I1I.45. Common-Emitter Video Amplifier Equivalent Circuit. 


An GE amplifier equivalent circuit considering junction resistances is depicted 
an Figure L[[1.45. The converted capacitance of collector junction C, formally 
may be determined from the equivalent circuit (I1I.40b) by replacement of collector 


junction resistance +r.:.—2' by complex impedance 


eo t—at, (111.136) 


determined by parallel connection of resistance re and capacitance C, (see Figure 
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[11.35). Having divided and myltiplied the second term in the (111.130) /145 





denominator by magnitude (i —2) , one may write 
ca ae eg 
ae Stiga al ap Par Ose bm? (111.131) 
where 
C= HQ. 
: (111.132) 


It is convenient to analyze circuit frequency properties for the middle-, 


lov-, and high-frequency areas. 


The capacitances of interstage capacitors c, and C, as well as transistor 
nigh-frequency properties, are not considered in the medium-frequency area. Selected 
resistance *%, magnitude is considerably greater than stage input resistance, 
Therefore, it need not be considered during analysis. Ratios (111.110), (II1I.111), 
(111.112), and (111.113) may be used to compute basic amplifier indicatars. However, 
one must consider chat load resistance #”. shunts resistance R, . The subsequent 
amplifying stage, whoce input resistance is relatively small, usually is amplifier 
load. Therefore, a magnitude determined by parallel connection of resistances 

R, and PR, should be substituted in ratios (III.110) and (111.113) or (111.117) 


in place of PF. 3: 





Ro eae, (iII.133) 


If the subsequent stage is assembled into an identical circuit, then load 
resistance w.=,,, and may be determined from formula (III.110) or (III.114). 


Presence of coupling capacitor C in the low-freauericy grea decreases the 
current across the load and, consequently, stipulates frequency characteristic 
roll-off in this area, i. e., distortion of amplified pulse tilt. Capacitor 
Cy , whose presence decreases input current, affects the ampiifier characteristic 


in an identical marner. Conditions Cry uw Cy-; -". need to be satisfied for 


undistorted transmission of pulse tilt. Since input resistance magnitudes in 


transistor amplifiers are slight, then coupling capacitor capacitance value often 
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reaches several microfarads, and sometimes even tens of microfarads. This capacitance 
does not increase transistor amplifier weight and overall dimensions since supply 


valtage does not exceed several tens of veits and, therefore, small components 


may be used. 


The influence of coupling capacitors, whose resistance is insignificant, 
may be disregarded in the high-frequency area. We will consider only collector 
junction capacitance C,-. It should be stated that emitter junction capacitance /146 
C, 


aus that capacitance C, , shunting junction resistance at high frequencies, will 


also impacts upon amplifier frequency properties, The fact of the matter 


lead to input signal redistribution. An increase in frequency means an increase 
an the share of the signal impinging on base distributed resistance ™ and the 
useful share of signal across the emitter junction decreases. As a result, 
amplification falls off. One strives to decrease ine magnitude af resistance 


in high-frequency transistors for this reason, 


But, since the impact of collector junction resistance C,, begins to manifest 


itself at lover frequencies, capacitance Cc, then usually is not considered, 


The circuit's camplex gain in the bich-frequency area may be determined by 
substitution of complex magnitude <2 from (111.130) in expression (111.113) to 
replace resistance ™ and magnitude &, (111.133) to replace resistance %,. 
Gefore doing so, ve vill simplify expression (111.113), considering that inequality 
ni(l—alw@»er, alvays is justified: 


ah, 





A, = 


(I11.134) 


; Re 
ret (ye Ril Se alma) 


Following the appropriate substitutions in formula (111.134), we get 


eR, ea 
a 
ee pe 
er Re ooo wt 
» for he : relma 


ak (111.135) 


oe tra + Rei Ry Ry tg + Ri) joe 


es t (gt Read t+ ice 





Collectuc load resistance in pulse amplifiers usually is minimal. Therefore, 
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inequality s:(1—2)~»A, is satisfied. In this case, expression (111.135) may 


be simplified and, considering (III.117), rewritten in the following form: 


aR, 1 
| A) = ae Ra = Ry rg + Red Cag ye 


TF tvet Raila) (111.136) 
a Kes 
L+ Jt , 





where 
ei mm Eanes Vol Kis. 
(111.137) 

Hence, the gain mcedilus is /147 

é = Koy 

Abe =a (I1II-138) 

a eRe 

Thus, time constant <,, determines uppes frequency limit WW, and, 


consequently, amplified pulse rise time. ad 


We will simplify expression (111.137) somevhat: 
Ch reek 


, Cette nt - 
e ———_—_-——— - —— ee 
oo 5 AY. = 7, To OR, fat ti ait 
Ce : oo 
au eee (111.139) 
= 
a 


It 1s evident from this that %s2 must be decreased by decreasing resistance 
~ and transistors with a slight derivative (,-, vaisue used in order to expand 
the bandvidth in the high-frequency area, i. e., to reduce the porches. We will 
note that derivative Cj, is a very important transistor high-frequency parameter 
and, along vith other parameters, will occur in reference books. Significant 
decrease in resistance R, cannot be used to expand bandvidth since a fall-off 


of stage amplification occurs here. 


Stage amplification properties to a strcr.g degree will depend on the macnitude 


of threshold frequency /, when low-frequency transistors are used, we will assume 


that load resistance ° is small and, therefore, the influence of capacitance C,, 
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may te disregarded. Then, the amplifier frequency characteristic in the high~ 
frequency area may be determined from expression (III.117) by substitution of 


complex value at/w) from (III.87): 








In 
————- 
Jui Ui ) lw y-t, * As 
K lies : Soar , , 
“* tethers inp, b= s-T4 (111.140) 
vhere 

: ak, 

NG Ts a 

s a Pym ity ~ Rel 

“ae PR sl (111.141) 


Since inequality try+R-) sr, always is satisfied, then 


“ + 1 
eS Tor ES ey poe 
It 15 evident from this that, given slight load resistances, tne upper /148 
frequency limit will depend oly on transistor type and completely determines 


amplified puise rise time. 


Transient processes determining rise time flow during the period of 4--5 
time constants. Pulse rise time is accepted as computed betveen Jevels 0,.1--0.9 


of the output voitage (or current) amplitude value. Here, rise time equals 


(111.143) 


EXERCISE I1i.17 


There 1S a requirement to select a transistor to amplify a pulse of duration 


fem) usec vith permissible rise time %@<"lt% ; 


P1G F ct? 1.0 MHz; CX = 0.95; 
PL5 ae fa = 2.0 MHz; CK = 0.95; 
PIB = y= 1.0 MHz; CL = 0.98 
XK = 0.9. (Page 465) 


P1O3 -- Say= 1.0 MHZ; 
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Figure I11.46, Video Amplifier with Negative Current Feedback: 
(a) — Operating circuit; (0) -- Reduced circuit. 


It was pointed out above that a common-emitter circuit has a lewer frequency 


limit value cumpared to a common-base circuit and, consequentiy, the ampiified 


pulse does not have a good a porch shape. However, this circuit shortcoming may 


be eliminated by using a compensating R-C netyork RC, connected as depicted in 


Figure [1I.46a. 


If only one resistance P, is connected to the transistor emitter network, 


then this will lead to manifestation of negative current feedback and, thus, to 


an increase in input resistance and a decrease in stage gain. Connection of caracitor 


in paraliel to resistance 8%, will lead to a decrease in the degree of feedback 


with a rise in frequency. Input resistance will decrease with an increase /149 


in input pulse porch steepness and vill increase the influx of carriers near the 
Consequently, influx to the collector will increase as vell. This vill 
is desiynated 


base. 
iead to a reduction in pulse rise time. In frequency language, this 


an increase in gain at high frequencies and frequoncy characteristic equalization, 


Appropriate selection of ., magnitude makes it pessible to decrease pulse 
mise time tc a valve close ty that of the rise time in a common-base circunt. 
Hovever, a cecrease in stage gain in the lov- and medium-frequency area will cccur 


and viil lead to a requirement for more stages to obtain assigned signal amplitude 


at output. 


Nonetheless, the video amplifier circuit witn emitter resistance #&, (Figure 
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IfI.46a) will find vider use than will the Figure I11.40a circuit since it has 


better initial mode temperature stability. 





i a Una En Un 
{ 
Figure IfI.47. Change in Operating Point Position 
Given Increased Temperature: (a) <= Where, 
We will examine this question in somewhat more detail. Bias in the Figure 

I11.40a circuit is fixed since /, ..= i - Collector characteristics displace 
' to the area of nigher collector current values when temperature increases (Figure 
| 


I11.47). Here, bias current /, , remains constant and the cperating point (point 
A) snifts along the load line and may reach the critical mode line (051, where 
a transistor loses amplification properties. 


EXERCISE I11.18 /150 


vias? k 52 » ale K , and E.,e-i: VY in the Figure III.40a amplifier 
circuit. Using collector characteristics (see Attachment 9), determine: 
a) maximum positive output pulse amplitude at normal temperature; 


b) pulse amplitude change vhen temperature changes. (Page 465) 
Temperature stability in the Figure I11.46a video amplifier circuit is achieved 


by a change in bias current vith a change in temperature. We will use the theorem 


of the equivalent generator to convert the Figure I11.46a input netvork in order 
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to demonstrate this. Ecuivalent circuit parameters (Figure I11.46b) are: 


= Ey . 
Fue Bere Ray Rare 
R, x Paes (if1.144) 
or. Ra, + Ray” 


Considering that usually Rir, and R ~w»,, , bias current may be determined 


from formula 


Fou ~—1,R, 
Len =p. (III.145) 


A 


Collector current, 3nd, consequently, emitter current /, , increases when 
the temperature increases. The voltage drop across resistance R, vill rise, thanks 
to vhich base current /s ~~ decreases, by means of which operating point stabilization 


is achieved, 


In other words, presence of resistance R, creates negative d-c feedbac’, 


which stabilizes the ini.ial monde. 





(B) g 


Figure II11.43. Temperature - aomoensated Anplifier Circuit: 
(a) -- With siode; (b) -- Wito effective thermal resistance. 


Temperature coupensation through use of ncnlirear resistances such as thermistors 
and semiccnductor diodes connected :n the return (inverse) direction are used 
widely to stabilize transistor operating point. A tonperature-compensated video 
amplifier circuit 15 depicted in Figure III.43. In the first irnctance, /151 


a diode and, in the seconi, a thermistor 1s used a3 nenlinear resistance. The 
9 ’ 
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principle of compensation means that bias in the base network changes when the 
environmental temperature changes. Thus, for example, collector current must 
increase, given an increase in temperature and given fixed bias. However, diode 

1, back current increases when the temperature rises (Figure III.48<) and bias 
voltage decreases, Therefore, collector network current essentially remains 
unchanged. High results may be obtained in transistor mode temperature stacilization 


if identical transistor and compensating element thermal inertness is insured. 





Figure 111.49, Emitter Follower Circuit. 


Common-En:tter Stone (Enitter Follover) A stancard circuit for a common- 
collector stags, referred to as an “emitter follover," is depicted in Ficure III.49. 
As pointed cut above, an emitter folleover is cnaracterized by high input and low 
output resistance’, making it possible to use it successfully as a decoupling 
and matching stage ind a3 a power ampjifier. High amplification stability and 


extreme circuit simplicity may be added to the iist of acvantages. 


An emitter fcliover's transfer constant, determined in eccorcance vith (III.128), 
13 close to unity, even given reiatively-large load resistance 8, \alues. The 
magnitude of resistance ?. in emitter follovers intended “cr pulse transfer usually 
daes not exceed uritaes of kalahms, in this event, the stage's ucper frequency 


hamat vill not arecend on gunetion capac stances und is cecernined essentially oy 


v 


transistor arpilficstion frequency limit.* 


We will substitute the compjex value cf sain?) from (iTL.91} in the 


a 
“This assumption is justified when using lov-frequency transistors (type P16, 
P2), P30, 922, and strers, for excmple;. 
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emitter follower transfer constant (111.128) formula to determine stage upper 


frequency limit: 


. : atfodRy = aR, 
Rae Sae, choot Ree ee ee 
inte SS er en 
aR, tiRe t fa) a forty Re + 7a) D = Jutyn * (IJ1.146) 
"Ry =e Rp ow rg) Mil = 
where /152 
Woo. 
eS STS a er 
(III.147) 


Output pulse rise time computed at amplitude value levels 0.1--0.9 equals 


R. +~Ta . R. 
Ge A oe ehh 
tg3 2. ety Tae (111.148) 


If signal source internal resistance is slight, then rise time =2,2:, 
obtained is almost identical to that in a common-base circuit. 


Rise time when high-frequency transistors are used is determined not by 
transistor frequency limit, but by base network time constant (R,+716)C, formed 
by signal source resistance R, , base resistance fs , and transistor collector 
resistance C, . 


Ir conclusion, we will note one other special feature of an emitter follower 
operating a capactive load (capacitance Cn is denoted by the dotted line in Ficure 
111.49). An oscillating mode of output voltage determination is possible in this 
case. B. N, Fayzulayev examined this problem in detail in [18}, so we will qvell 


only on the physical aspect of this phenomenon. 


The capacitance shunts load resistance &, during pulse porch transfer, 
given a capacitive lnad, resulting in an additional charge being introduced to 
the transistor base. Emitter follower output curren. comprises resistive and 
capacitive components. Capacitive current must cease by the end of the transmitted 
porch, while the base charge must be determined only by the load'’s resistive 
component. However, the base charge is unable to change instantaneously. Therefore, 
current exceeding the established value vill flow across the transistor. Capacitance 
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Cu continues to be charged as s result. Voltage with an opposite sign /153 
will be applied tu th> emitter-base junction when voltage at output exceeds the 
set, value and base current will change direction. Dispersal of excessive charge 
and decrease in current across the transistor occur as a result. Voltage at output 


takes on the set value following several over-oscillations. 





Figure I11.50. Capacitance ©, Connection for Oscillation Damping. 


Damping capacitor ©, of slight capacitance is connected at emitter follower 
input in those cases when the oscillatory mode is undesireable (Figure I11.50). 
This decreases transistor input current magnitude, thereby constraining the onset 
of an excess base charge. However, this has a deleterious effect on pulse porch 
steepness, 
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CHAPTER IV /154 
CLAM® CIRCUITS 
§ 1. CLAMP C!RCUIT PURPOSE, CLASSIFICATION, AND OPERATING PRINCIPLE of 


It was demonstrated in Chapter II, § 5 that, when a pulse train flows across 
a transient R-C network, its output voltage initial level changes due to influence 
of coupling capacitor C. In accordance with (11.54), it changes in a linear R-C 
network by the input voltage d-c component magnitude (a dc cnzponent loss occurs). 
In accordance with (111.55), it changes in a nonlinear R-C network by a magnitude 


depending on pulse U,, amplitude and ratios = and y - It is evident that 
. 2 


this level change will depend also on pulse shape and polarity. 


If transient R-C network output voltage reaches electron-tube circuit input, 
the change in initial voltage level will elicit tube operating point "drift" 
(displacement) in its transfer characteristic. Operating point drift may impact 
significantly on processes in the circuit and, in some instances, completely disrupt 


its operation. 


If dynamic bias caused by transient network influence is fixed, then it would 
be simple to compensate for it by means of additional fixed opposite polarity 
bias supplied to circuit input from an external source. But, as we saw, dynamic 
bias will depend on parameters of the pulses supplied to transient R-C network 
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input. These parameters may be changed as pulse circuits operate, first of all, 
specially. For example, forward sweep sawtooth voltage and intensifier pulse 

duration change with a jump during a staged scale change in the range display; 
sawtooth sweep voltage amplitude and polarity change periodically during a type 
P-display; and so forth. Secondly, randon pulse parameter changes always occur 

due to unavoidable instability in circuit operation, influence of parasitic parameters 
and interference, and so forth. Sometimes, just by virtue of its nature, pulse 
voltage is characterized by a random structure (for example, ridar receiver signal 


at output). 


Consequently, the intitial level of voltage at transient R-C network  //155 
output always is subjected to changes and, therefore, the method of dynamic bias 
compensation by means of a fixed bias source is not applicable. Therefore, special 
devices providing a fixed and predetermined initial output voltage level, given 
any pulse parameter changes at network input ard at any moment in time, are connected 
at transient R-C network output. These devices are called clamps. Thus, clamps 
are tasked to stabilize the initial mode of circuits connected to transient R-C 


network output. 


Since it is possible to clamp either output voltage lower level Gane or 
its upper level U,u, , while, in each instance, this level may equal zero, be 
positive, or be negative, then six standard clamp circuits exist: 

-- zero lower clamp (“ous=9) ; 

-- positive lower clamp (C’sus>9); 

-- negative lower clamp (Usus<0) ; 

-- zero upper clamp (U,.,=0) 3 

-- positive upper clamp (U,.,>0) 3 

-- negative upper clamp (U,.,.<0) > 


These circuits’ output voltages, given the influence of positive pulses at 
transient network input, are depicted in Figure IV.1. 


If, as a result of clamp operation, output voltage initial level turns /156 
cut to equal input voltage initial level Ci.sel's: oF Cauza=l,, » then the clamp 
is referred to as a level restorer. Im particular, when Usure(s:@" or 


Cyur=C,20, the clamp is referred to as a zero ievel restorer or zero restorer. 
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Figure IV.1. Clamp Output Voltages: (a) -~ Zero lower clamp; (b) -- 
Positive lower clamp; (c) == Negative lower clamp; (d) -~ Zero upper clamp; 
(e) -- Positive upper clamp; (f) -= Negative upper clamp. 


equality of identical initial levels fixed voltage 


componentS vews and 4s: a:30 turn out be equal (Unum = sre) » then a level restorer 


Since where there is 


often is referred to al:o 28 a fixed component restorer. 


Bilateral synchron’ .3 clamp circuits, used if input voltage poiarity may 
be changed during the op.cating process, are a special type. 

Clamnm action is based on use of nonlinear R-C network properties. The diode 
clamp circuit, a structural diagram of which is depicted in Figure 1V.2, is used 
most widely. The clamp comprises diode D and fixed bias source E. In principle, 


the diode is a required clamp nonlinear element and is connected in parallel to 
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Figure IV.2. Clamp Circuit Structural Diagram. 


transient network output resistance R. Thanks to unilateral conductivity, the 


satter converts it basically into a nonlinear clamp. 


Actually, current may pass across the diode in one directior crlv (from plate 
to cathode), while diode internal resistance 2, is slight in the conduxting state. 
Therefore, depending on diode connection method, it will shunt resistance R either 
during the charging process or during the discharging process, here decreasing 


total network resistance to magnitude 


RR 
Rak, = RER. (IV:1) 


As a result, resistances in the capacitor charging network R, and discharging 
network PR, will become radically different: either RseReeR,=R or, vice 
versa, RpeRs@R,=R . Here, the voltage u, maximum or minimum value is clamoed 
at the zero level (see Figure I1.30 and II.31). 

The second clamp circuit element ~~ fixed bias source £ == is connected in 
series with parallel-connected resistance R and the diode so that voltage /157 


at clamp output equals 


ane (1V.2) 


This bias determines the required (differing from zero) initial level value 


and, consequently, output voltage d-c component. Bias voltage E does not affect 


diode operacion and input voltage a-c component passage. 
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Thus, with the help of the diode, the upper or lower (depending on diode 
connection method) initial voltage level uw, is clamped at zero, while bias E 
increases or decreases (depending on E polarity) the output voltage initial level . 
to the requisite magnitude. Here, the clamped output voltage initial level will 


not depend on input voltage parameters and is determined by the clamp circuit 
itself. 


In particular cases (giver. zero level clamping), bias E may be absent. 


§ 2. ZERO LOWER CLAMPS 





Figure IV.3. Zerr Lower Clamp Circuit. 


A zero lower clamp circuit is depicted in Figure IV.3. We will examine its 
operation as positive pulses with initial level Us=0 are supplied to input. 


The curves of circuit voltages for this instance are depicted in Figure IV.4. 


Capacitor C is charged during pulse action when uesx=Us: . Since here voltage 
Mey mUex— 4.>0 and is applied with a "plus" to diode cathode and with a “minus" 
to diode plate, the diode is blanked and charging current {, will pass across 
resistance R,=R . Charging network time constant equals <-+=CR , while 


wnequality (11.32) 7,2», must be satisfied in order ta have minimum a-c component 
distortion. 


Capacitor C discharges during resting times when usex70 . The diode opens 
since here voltage a..;=—u,<0 and is applied with a “plus” to plat: and a "minus" 
to cathode. Therefore, in accordance with (IV.1), R,*&, and discharging current 
ip mainly passes across the diode. Discharging network time constant tpmCR, , 


Consequently, a significantly nonlinear network was che result when R,>R, and 
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Figure IV.4. Voltage Curves for a Zero Lower Clamp 
Given a Change in Input Pulse Amplitude and Duration from Uas0 . 


= 7%. In accordance with Figure I1.31, voltages in such a network change 
(1 > M-), 


Here, if “*’ , then capacitor C essentially succeeds in discharging /159 
completely during resting times. Therefore, at the eng of the resting time 
Usux™O , i. @., the output voltage lower initial level is clamped at zero: 


Usu2 #9 . 


Since the input voltage lower initial le.el in the examined instance also 
equals zero, the clamp circuit operates in the zero lower clamp restorer mode, 


i. e., a8 a hc component restorer: UswreUs20: Une eUern , 


It is important to note that, if only *)< lave , then, as depicted in Figure 


IV.4, ciamping »%ccurs also when input signal parameters change (Cor. tee fad, 


We now will assume that negative pulses are supplied to circuit input 
(ues <0). Voltage curves for this instance are depicted in Figure IV.5. 
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Figure IV.5, Voltage .urves for a Zero Lowe: “lamp 
During Negative Pulse Action When 7,00 . 


Now, on the other hand, during pulse action where es s—U,,, capacitor C 
charges across a diode with slight time constant s=CR,</, . Therefore, during 
time ¢, , capacitor C charging essentially ceases, while voltage in it at the 
end of the pulse reaches value Ucwx=—U,, , while output voltage reverts to 


zero: “sur Ue — Uc wy —U,=0. 


During resting times, tp ,=0 and the capacitor discharges across large 
resistance R with time constant :,=Ri>t, . Therefore, capacitor voltage during 
resting time changes slightly, while, since at the onset of resting time where 

Mer=0 5 Uens™—Ucuus™ Ua, - ‘Then, output voltage decreases slightly compared 
to its maximum value. Consequently, as usual, output voltage lower initial leve) 


Usus™9 is clamped at zero. 
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Figure IV.6. For Exercise IV.1. 


EXERCISE IV.1 


Plot the curves of voltages 4c and 4s for a zero lover clamp if voltage 


depicted in Figure IV.6 (ls<0) is supplied to its input. (Page 466) 
§ 3. ZERO UPPER CLAMPS 


A zero upper clamp circuit is depicted in Figure IV.7. It differs from the 


zero lower clamp circuit only in the method of diode connection. 





Figure IV.7. Zero Upper Clamp Circuit. 
We will assume that positive voltage pulses (4,,>')| are supplied to /160 
circuit i aut. Capacitor C is charged during pulse u,,el,; action. Since voltage 
ewe Mugg —uc>O0 also is supplied as a "plus" to plate and as a "minus" to cathode, 


charging occurs across the diode (4. =,~<%i with slight time constant 1=CRuy, 


Ouring rest times, “x=9 and capacitos C discharges. Since here voltage 
4aur™ —4-<U also is applied as a "minus" to plate and as a "plus" to cathode, 
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“he diode is blanked and capacitor C discharges across resistance #,=R with 
large time constant <,=CR , 


Consequently, a basically nonlinear network resulted where A, >>. ,>>:, 

- Voltages for such a network in the circuit change in accordance with Figure 
11.32 (/I--<fl-. . If ute here, then capacitor C succeeds essentially in 
charging completely during pulse action time, while voltage us,,=U by the moment 
the pulse cesses; as a result, output voltage upper initial level turns out to 
equal zero: Uyy=U . 


Uoex 
a 
‘ é 
Ue 
@ é 
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Figure IV.8. Zero Upper Clamp Voltage Curves 
During Negative Pulse Action Where [20 . 


We will assume that negative voltage pulses (#,,<") are supplied to circuit 
input. Voltage curves in the circuit for this example are depicted in Figure 
IV.8, 


During pulse action when u.=-U,. , the capacitor charges, while /161 
the diode tums out to be blanked for charging current: R\=R ;2=CR >t . 


Therefore, during time «, , capacitor C succeeds in charging slightly and 


Uoux @ Ugg — Ue =e —L'yy* 


During resting time, u,s,=0 and the capacitor rapidly discharges across 
the diode with slight time constart <=CR, . If <=<é,, then, during resting 
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time, capacitor C discharges completely and, when the subsequent pulse becomes 


active, voltage Souy =U, 


Consequently, output voltage 4,,.<['), i. e., as usual, its upper level 


(,..=0 is clamped at zero. 
Since in this case (U,,.2U0,;=0 and, thes, Usse=Usre aS well, the 
clamp then operates in the zero upper-restorer mede, i. e., aS a dc comronent 
restorer. 


EXERCISE IV.2 


Plot the curves of voltages ue and we: for a zero upper clamp if the voltage 


depicted 1 Figure IV.6 is supplied to its input. (Page 466) 





Figure IV.9. Use of the Triode Grid--Cathode Path 
For Zero Upper Clamping. 


A zero upper clamp in which the electrical valve-like actions of a triode 
grid--cathode path are used instead of a diode, often are used in practical circuits 
(Figure IV.9). 


Such a circuit is used when positive puises are supplied to triode input 
and makes it possible to insure triode cut-off during resting times. Tne circuit 
operates un the following manner. The triode is open while the positive pulse 
1s active and rapid capacitor C charge occurs across Sliyht grid--cathode path 
resistance (%_<<R) by grid current igs The capacitor discharges slowly during 
resting times across large transient network resistance R (grid-~cattiod: path 
1esistance is infinitely great for discharging current). He.e, negative voltage 


200 


st lacs ice tS eee 
vm X 


ee ee ee 





Neur=—Usx arises at resistance R and the triode may be closed by this voltage 


(conditions for triode cut-off with dynamic bias vere exu.ained in Exercise II.15). 


€ 4. NON-ZERO CLAMPS 





Figure 1V.10. Positive Lower Clamp Circuit. 


We will examine tne Figure IV.10 circuit, It differs from a zero lower clamp 
circuit (Figure IV.3) only by the presence of fixed bi-s saurce &>0° 
Source E is connected in accordance with Figure IV.2 (in series to parallel- /162 
connected resistance R and a diode) and usasz=Ur-E in acenrdance with (IV.2). 


° 


If usz=0 , then, under the influence cf bias source £, capacitor C charges 
across the diode, voltage source «,; internal resistance, and bias E to constant 


voltage Ucom—E . Here,  uayg=—UcomE «const . 


It is important to note that, due to source £, no bias is supplied to the 
diode (bias source E "minus" is isolatea by the capacitor from diode cathode). 
Therefore, giver input voltage action, the diode operates just as it does without 


bias source E, 


Capacitor C voltage changes additionally when input pulses us, are supplied 
(component 4c. appears) depending on pulse usx and ratio R, and R, parameters 
(in order that this ratio, as usual, is determined by resistances R and R, , 
source € internal resistance must be as low Ss possible). Here, resultant capacitor 





*Bias source € polarity is determined relative to "ground." 
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voltage equals “c™Ucot 4c. , where “coe —E , while voltage 
Up gx ~ Uc — Emugy—~Ue_ , i. e., it changes exactly as in a circuit with analogous 


diode connection, but without bias source — (zero lower clamp circuit). 


Since uey,y*ua~-E , the curve of the voltage at output of this circuit 
displaces "upwards" to magnitude E. Thus, it is a positive lower clamp /163 


circuit: Uyux = ED>0- 


It is evident that the output voltage of any clamp circuit with a bias source 
also will aiffer from the output valtage of a clamp circuit with analogous diode 
connection, but without bias source E— (zero clamp), cmly by displacement "upwards" 


or "downyards" (..epending on £ polarity) by magnitude E. 


>» 
2 
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Figure IV.11. Non-Zero Clamps. 


EXERCISE 1V.3 


a) Oray the curves of voltages wer. uc. deus for the Figure IV.10 circuit given 


negative square pulse action. 
b) Determine the Figure [V.11 clamp circuit tvpe. (Page 466) 
§ 5. D-C COMPONENT RESTORATION 


A clamp is a dc component restorer if d-c voltage components at transient 


necwork output and clamp output turn out te be equal U,,.=Ueure > 
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The d=c component restoration mode is not simply reproduction of the input 
voltage d-c component at clamp output. Actually, dc component Use is not 
passed by isolating capacitor C to network output. Value U,,,. for a given a-c 
component ugus will depend on output voltage initial level. But, this level is 
determined only by the diode connection method and bias E in the clamp circuit 
itself and will not depend on input voltage parameters (this is the whole idea 
behind using clamps). Consequently, d-c component restoration requires that output 
voltage initial level, independent of the clamp circuit, coincide with input voltage 
initial level. We will assume, in order to explain this concept, that a positive 
lover clamp restores the dc component Usure™Usre , but, during the operating 
process, from certain moment in time tis input voltage initial level began to 
change (Figure IV.12). Since Usux=const for a given clamp circuit, the restoration 


mode is disrupted here: Cur *® Us Usa ® Une . 





Figure IV.22. Disruption of the D-C Component Restoration Mode 
When Input Voltage Initial Level Changes. 


Thus, d-c component restoration using clamps is possible only given input 
voltage initial level constancy. 


EXERCISE IV.4 
A cathode-ray tube [CRT] with an electrostatic deflection system is used 


in a horizontal range A-display and signal amplitude display, A simplified circuit 
for supply of positive intensifier pulses ueersce to CRT control electrode, /164 
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Figure IV.13. For Exercise IV.4. 
(a) -- Paraphase sweep amplifier; (b) -- Intensifier pulse generator. 


paraphase sweep voltage ua and uy, to horizontal deflection plates xy and Xos 

and positive target video pulses uae. to vertical deflection plates Y) and Yo 

is depicted in Figure IV.13. Explain what consequences may result from influence 
of transient networks RC), RCo, RC, and RAC, Oraw this circuit and connect 

to it clamp circuits wnich eliminate transient network influence. (Page 466) 


§ 6. BIDIRECTIONAL (SYNCHRONOUS) CLAMPING /165 


Regardless of input voltage polarity, voltage at diode clamp output always 
changes only in one direction from the clamped level: downwards if upper level 


Cous 
to as unidirectional clamping and is achieved thanks to undirectional diode 
conductivity. 


is clamped and upwards if lower level (.,, is clanped. This is referred 


Input voltage polarity in some devices may be changed during opcraiion. 
Slight initial level if ., then requires clamping, from which output voltage must 
change to one direction or the other, depending on input velteye polarity. This 
is referred to as bidirectional clamping. 
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Figure IV.14. Input Pulses of Alternating Polarity (a) and Voltage 
at Linear Transient Network Output (b), Zero Lower Clamp (c), 
and Bidirectional Zero Clamp (4). 


The difference between unidirectional and bidirectional clamping is explained 


in Figure IV.14. 


Square input pulses, whose polarity was changed during operation from positive 
to negative ( (.,,. ing and ‘a are fixed magnitudes), are depicted in Figure IV.l4a. 


If this voltage is transferred across a linear transient network, then, due 
to positive pulse action, charges of one sign will be accumulated in the /166 
capacitor, while charges of the other sign will be accumulated due to negative 


pulse action. Therefore, the sign of “drift” voltage é//,, will change (Figure 


IV.14b). 
Given unidirectional zero lower clamping Ux 29 , output voltage changes 


only upwards from this level, regardless of input pulse polarity (Figure IV.1léc). 


Given bidirectional zero clamping 0U,,,=0 » zero lower clamping results from 


positive pulse action, while zero upper clamping results from negative pulse action 


(Figure IV.14d). 
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Just as in unidirectional clamping, bidirectional clamping may occur not 


only at zero, but also at the positive or negative level. 


Capacitor C must discharge rapidly in some direction upon cessation of the 
input pulse during bidirectional clamping, depending on the capacitor C voltage 
sign. If the discharge constant for any discharge current direction <t, , 
the discharge essentially ceases during resting time and, at onset of the subsequent 
pulse, tous = Jeux =0 . Therefore, a bidirectional clamp comprises two unidirectional 
clamps, one which accomplishes lower clamping and the other which accomplishes 


upper clamping at the identical level. 


The charging circuit time constant must be great +:,>>¢, so that pulse shape 
distortions are minimal. Since charging current may flow in one direction or 
the other depending on pulse polarity, both clamps must be blanked simultaneously 
when pulses are active. Strobe pulses generated by a special circuit blank clamp 7 
tubes at this time. Strobe pulse amplitude must be such that tubes are blanked j 
during maximum input voltage magnitude U,, , while their duration must equal j 
output pulse duration ¢ . Bidirectional clamps sometimes are called synchronous 
since strobe pulses must act in synchronization with input voltage pulses. 





Figure IV.15. Bidirectional Diode Clamp. 
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We will examine a synchronous (bidirectional) clamp assembled from two /167 
diode clamps (Figure IV.15). Diode do) accomplishes zero lower clamping, while 


diode OD. accomplishes zero upper clamping. 


Both diodes are blanked synchronously by strobe pulses of varying polarity, 

but of identical amplitude and duration, while input pulses are active. Diade 
D, is blanked by negative pulse uces: Supplied to its plate across transient network 
R,C,. Diode Dd, is blanked by positive pulse uces:supplied to its cathode across 
transient network RCo. Strobe pulsey.,.,=U...,amplitude must be greater than 

U., in order that diodes cut off reliably. Here, for any input voltage pulse 
polarity, capacitor C charges across the high input resistance of the subsequent 
stage with large time constant 7, . During resting times, both diodes are 
open and, depending on the residual voltage sign, capacitor C rapidly discharges 
across network R Dd) or RD, (resistances Ry and Ro must not be large). Zero initial 


1 
level U,,,= 2is clamped as a result. 





Figure 1V.16. Bidirectional ‘riode Clamp. 


A synchronous (bidirectional) clamp assembled on two triodes is depicted 
in Figure IV.16. Triode Ly accomplishes lower clamping, while Lo accomplishes 


upper clamping. 
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and resistance R, form a voltage divider across which curt=snt 


and L 
iy flows. Here, output voltage Osu, clamping level is determined by potential 


Tubes L 


1 2 


of point a relative to "ground." 


Value Diaz changes slightly if tube Ly or Lo internal resistance changes (for 
example, when they are replaced or ES changes). Actually, Ly in the initial mode 
may be looked upon as a cathode follower, with Lo serving as its cathode load. 
Therefore, a change in Ly or Ls internal resistance is compensated for by a 
corresponding change in Ly grid bias. As a result, the voltage drop across Lo 
and voltage Usus approximately are constant. 


Yhe requisite Ovux value is established by variable resistance R, , making 


it possible to change current ise 


Negative strobe pulses u.-: supplied to tube grid simultaneously cut /168 
off both tubes while input pulses are active. Therefore, charging circuit time 
constant +, ¢, is great at any input pulse polarity. Both tubes are open during 
resting times and, depending on polarity of the voltage to which capacitor C is 
charged over time t , it will discharge rapidly, either across tube Lo and resistance 
R. or across tube Ly and plate voltage source. 


Voltage u,, initial level change does net depend on clamping level Dwar , 
just as was the case for unidirectional clamp circuits. 
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CHAPTER V /169 
LIMITERS 
§ 1. GENERAL INFORMATION ON LIMITERS 

Devices intended to constrain voltage magnitude at a certain level are referred 
te as limiters. LCLiniter output voltage follows the input voltage shape only until 

us, reaches a certain predetermined level, after which usu, remains constant. 
Clipping threshold (of output voltage) usa. is the term applied to the input “ 


voltage value, which, when achieved, still does not influence E, magnitude, 
i. e., a constraint is reached. The constant output voltage level maintained 
upon input voltage attainment of clipping threshold ¢, is referred to as clipping 
level (uf output voltage) U,*- 


There are three basic limiter types -- upper, lower, anc clipper-limiter. 
Limiter action, given these limiter types and varied £, and U, values, is explained 





*The terms clipping threshold and level often are used interchangeably relative 
both ta input and to output voltage. Here, each time one must stipulate which 
specific voltage this term refers to. The definitions we use for these terms, 
first, avoid the necessity for such stipulations, and, second, are more correct 
in essence (threshold -- input signal critical value, level -- output signal fixed 


value). 
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Figure V.1. Limiter Action (dashed line depicts uw. , 
solid line depicts w,, ) 
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Upper Limiting: (a) -#,-. tem (b) -E,>0 Bek: (-) -8&>0 Bao 
(d) -f2. 7 et, Ce) -Re Gee 

Lower Limiting: (f) -li- the Cg) mtye See te  CH) mye dees 
Ci) meee GG) rte 

Bidirectional "External" Limiting: (k) ---@ +) Flemes 

(1) ~&-&>5 8-0. (m) -f.-0 &-7 


Bidirectional "Internal" Limiting: (n) -4,-G.<% £,-&)>% 


(0) ~&<aBe. Fy ee Gee 
in Figure V.1 using sine-wave input voltage limiting as our example. In Figure 
V.1 and in future, we will designate upper and lower clipping threshold as & 
and £4 , and upper and lower clipping levels as 0, and , - 


The input voltage porticn lying below clipping threshold u.,<f, , when 
“., 2Es, is reproduced at output during upper limiting and then uewe= Vosconsi 
(Figure V.la~e). 
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The input voltage portion lying above clipping threshold “s«>a , when 
4, S£,, is reproduced at ovtcut during lower limiting and then usy.=U)=const 


(Figure V.1f--j). 


Both upper limiting with threshold £, and lower limiting with threshold /170 
&, occurs during bidirect'.mal limiting (Figure V.lk--o). If E,>£, here, 
then the input voltage port»... trapped between clipping thresholds ~ Eg>Usx>Ee 
is reproduced at output. Limiting in this instance may be referred to as "external" 
(Figure V.dk--m). if E,<E&, , the input voltage portion lying above the upper 
and beiow the lover clipping threshold is reproduced at output. In this instance, 
limiting may be referred to as "internal" (Figure V.ln—o). 


In each instance, the clipping =hreshold value may be zero (Figure fii 
V.la, f), positive (Figure V.lb, c, g, h), or regative (Figure V.ld, e, i, j)- 
Both thresholds & und E, may have different (Figure V.lk, n, 0) and 
identical (Figure V.11, m) polarity, but alvays &,*&, . 


Clipping level Uy value may be determined either by clipping threshold 
( U.wk, in Figure V.la, b, e-g, i, k=--n) or independently supplied (U, = 0 where 


&, =) wn Figure V.ic, d, hy jy, 0)- 





ol Ms HLL te 
"WO. ea an a, 


Vex 


Figure V.2. Basic Limiter Uses: (a) -- Shaping a flat pulse tilt; 
(b) -= Reduction in pulse rise time; (c) -- Obtaining constant pulse amplitude; 
(d) = Amplitude oulse selection; (e) -- Polarity pulse selection. 
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Limiters are used for the following purposes in RLS pulse devices: 

-- for shaping a flat puise tilt (Figure V.la), in particular for obtaining 
pulses of almost trapezoidal shape from sinusoidal voltage (Figure V.1k); 

-- for pulse rise time reduction (Figure V.2b); 

~-- for pulse amplitude stabilization -- obtaining pulses of strictly-constait 
amplitude from pulses of varied amplitude (Figure V.2c); 

-- for amplitude pulse selection (Figure V.2d); 

-- for polarity pulse selection (V.2e). 


Two operating modes varying in principle always may be identified in any 
limiter: 
-- transfer mode, when input voltage without distortions is reproduced at 
limiter output (mo limiting occurs); here,  “eur=Ki. , where /172 
kK +t =const #0 -— limiter derivative gain outside the limiting area; if 
K>1, then, in the transfer mode, the limiter amplifies input voltage, i. e., 
it operates as an amplifier-limiter; 
-- limiting mode, when output voltage constantly uous=Uy=cons! and will 
not depend on value uy; ; since Auewx#0 here, then derivative gain in the limiting 


’ 
area A‘=1) 3; the more precise the latter equality, the more strict the limiting. 


Thus, ideal limiter value K must change with a jump from a certain infinite 
value to zero when input voltage reaches the clipoing threshold. This signifies 
that the limiter characteristic -- the curve of relationship usyr=¢(Wex) —- must 
materially be nonlinear and be represented by a broken line having a sloping sector 


corresponding to the transfer mode (K=const = 0) and a horizontal sector corres- 


ponding to the limiting mode (K’=Q) . 
Characteristics of three limiter types are depicted in Figure V.3 as /173 


exam,.les, aS is their action in accordance with Figure V.1lb, i, k). 


EXERCISE V.1 


a) How must unidirectional limiters be changed for a change in clippi.y 


threshold £ and for a change in clipping level U,? 


b) Plot limiter characteristics causing the limiting in accordance with 


Figure V.la, e, g, 0). (Page 468) 
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Figure V.3. Limiter Characteristics and Action: (a) -—- Upper 
where &,-%>0 ; (b) -— Lover where g,-u,<0 3; (c) -- "External" 
Clipper-Limiter where 2,-0,>0, fey,<o + 


A limiter must include 4 nonlinear element, which radically changes its 


resistance when input voltage attains clipping threshold £, in order to obtain 


a broken characteristic. Tube or semiconductor diodes and triodes, as well as 


multigrid tubes (pentodes), are used in this capacity. 


Nonlinear elements are categorized by type, methad of connection, and operating 
mode: 

-- series diode limiters; 

-- parallel diode limiters; 

— grid limiters; 

-- plate limiters with plate current lower cut-off; 

@-- plate limiters with plate current upper cut-off; 


-- transistor limiters. 
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§ 2. DIODE LIMITERS 


1. General Notes 


The operating orinciple of diode limiters (just as that of clamp ciccuits) 
is founded on the electrical valve-like actions of a diode -- to pass current 
in one direction only, from plate to cathode. Tube and semiconductor diode circuits 
and operating principle do not differ and, therefore, vill be examined together. 
We will recall that direct resistance R, (open diode ~esistance in the area 
ua>O ) for most tube diodes comprises 100--1,000 ohms, while back resistance 
®, (closed diode resistance in the area ug<G ) comprises hundreds of megohms; 


Rk, =1—- 500 ohms and R,=0,1+10 megohms for semiconductor diodes. 


An idealized diode characteristic is similar to upper or lower limiter 
characteristics (Figure V.3a, b) since it has one break. Therefore, only uni- 
directional limiting is possible with one diode. Limiting type (upper or lower) 
will depend on direction of diode connection. The limiter characteristic (break 
point) needs to be displacea along the horizontal ( u,, axis) or vertical /174 
( Yeur axis), respectively, to obtain non-zero clipping thresholds and levels. 
Outside bias sources E are introduced into the limiter circuit for this purpose. 


A clipper-limiter characteristic (V.3c) must have two breaks, requiring mandatory 
use of two diodes connected in opposition. Here, one diode provides upper limiting, 


while the other provides lower limiting. 


Thus, a diode limiter circuit includes a diode (or two diodes), resistance 
for requisite voltage drops, and cytside bias sources supplying clipping threshold 


and level values. 


There are two types of limiters, depending on the method of diode cannection 
relative to load impedance (limiter output terminals): 

-- if the diode is connected in series with load impedance, then it is called 
a series diode limiter; 

-~ if the diode is connected in parallel to load impedance (i. e., to limiter 
output network), then it is called a parallel diode limiter. 
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Since diodes do not have amplifying properties, then K<1 for diode limiters. 
Therefore, diode limiter output voltage amplitude always is less than input voltage 
amplitude, while, in principle, “sus porch steepness may not exceed that of 


Uey e 


2. Series Diode Limiters 





Figure V.4. Lower Series Diode Limiter Circuit and Voltage Curves 
For Zero Clipping Threshold and Level (E,=UM%e0) « 


The simplest series diode limiter circuit is depicted in Figure V.4. Limiter 


output voltage equals voltage drop across load impedance R, arising due to diode 
current passage: 


Boys Up, wR, (V.1) 
i. e., it arises only when the diode will conduct. 
The circuit operates in the following manner. 


Transfer mode. The diode opens when u,,>0 and voltage at limiter output 
will equal 


ow =! = as R, = a . 
: . oc 1+ (V.la) 
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Value usus Obtained is less than value us, by the magnitude of the voltage 
drop across the open diode u#,=iR, (according to Kirchhoff's second law 


Bows ™ Unz — Uy ). 


A decrease in magnitude u, requires use of diodes with slight intemal resistance 
R, and reduction of current in the limiter network o> RoR, » ie @., an increase 
in load impedance Ru. Therefore, the following inequality mist be satisfied /175 
in series diode limiters 


Rete (v.2) 


Here, limiter gain in the transfer mode approaches its maximum value 


K=—;-=! tna our = Ben 


2 
le Re 
Limiting mode. The diode is closed when wus<0 , current i,=0 , and there 
is no voltage at circuit output Yous. 


The action of this limiter when bipolar exponential pulses are supplied to 
its input is depicted in Figure V.4b, while its action when sinusoidal voltage 
is supplied (without considering u, ) is depicted in Figure V.1f. Thus, the 
limiter will place a lower bound on input voltage with zero clipping threshold 
and level: £.~0, U;=0 . 





Figure V.5. ‘Lower Series Diode Limiter Circuit and Voltage Curves 
For Positive Clipping Threshold and Zero Clipping Level (£,>0: t:-0) . 
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Fixed bias source E must be introduced into the limiter in such 4 way that 
it not enter the output network in order to obtain the non-zero clipping threshold, 


but, as usual, the zero clipping level. We will use the circuit depicted in F igure 


V.5a as our example. Resultant emf in this circuit will equal the algebraic sum 
Of ws and E, which will displace the limiter characteristic along the horizontal. 
We will examine how this will change limiter operation. 

Transfer mode. Bias constrains diode opening for source E polarity connection 
depicted in Figure V.5a. Therefore, the diode will conduct only when «,.>2 /176 


and, if R.~»R, , then we will get 


eu, = Up mig, = Fae Re = = =z =u,,—E>0, 
1 


"Re 





output voltage, remaining positive, will decrease by the magnitude of the bias. 


Limiting mode. The diode will be closed when 4,.<£ and, as was the case 
Consequently, lower limiting will occur with 


in the previous circuit, wuesy,=0 . 
Eye E>0, U,=0 . Limiter 


positive clipping threshold and zero clipping level: 
action when bipolar exponential pulses are supplied to its input is depicted in 
Figure V.5b, while it action when sinusoidal voltage is supplied is depicted in 


Figure V.1lh, 





Figure V.6. Lower Series Diode Limiter Circuit and Voltage Curves 
For Positive Clipping Threshold and Level (£,=(,>0) + 


Now, without changing source E polarity, we will transfer it to the limiter 


ag 





i 
’ 
t 





output circuit. Then we will get the circuit depicted in Figure V.6a. As opposed 
to the previous circuit, output voltage will equal 
Nees Fle OE. (V.3) 


Therefore, the limiter characteristic will displace by magnitude E along 
the vertical. This, then, is the special feature of circuit operation. 


Transfer mode. Since bias E, as usual, constrains diode opening, it will 
open, just as in the previous circuit, only when «,.> L. Considering that bias 
£ is positive relative to "ground," output voltage will turn out to equal (given 

¢, sete ) 


ym a 
foe ~-Exzu—E+e my. 


uy tue, ~-E= 
Limiting mode. The diode will be closed when u,,.<Ff and uj .mU,mE + 
Consequently, as usuel, in this case lower limiting will occur with positive clipping 
threshold, but now not with zero, but with positive clipping level Eu=Uo=E&>0 
Limiter action when bipolar exponential pulses are suppjieu to its input is depicted 
in Figure V.6b, while it action when sinusoidal voltage is supplied is depicted 
in Figure V.3q. 





Cc) 6 





Figure V.7. Series Oiode Limiter Circuits. 


It is necessary to reverse bias source polarity (to connect it with a "minus" 
to diode cathode) to obtain a negative clipping threshold in the Figure V.5a and 
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V.6a circuits. This simultaneously will provide a clipping level sign change /178 


for the Figure V.6a circuit. Limiter action in these cases will correspond to 
Figure V.1j and V.1i when sinusoidal input voltage is supplied to their input. 


A change in diode connection direction suffices in order to obtain upper 


rather than lower limiting. 


* 

0} 
Ugex 

0 
Figure V.8. For Exercise V.2b. 


EXERCISE V.2 


a) Characterize limiters depicted in Figure V.7. Point out for each circuit 
limiter type (upper, lower) and the & and &, values. Find in Figure V.1 the 


curves which correspond to circuit operation. 


b) Compile a series diode limiter circuit whose action would correspond 
to F.gure V.8 when bipolar exponential pulses are supplied to its input. (Page 468) 


As painted out above, bidirectional limiting requires that a circuit comprise 
tvo unidirectional opposed limiters with Fi» &, + One such circuit is depicted 
in Figure V.9a and comprises two series-connected diode limiters. The action 
of each limiter in the circuit was examined previously. If 9:4. , then, 
in the first approximation, it was possible to look upon the action of both limiters 
independently and to consider that the first limiter sets a lower bound with 
negative threshold and level Ly2lim—£, , while the second sets an upper bound 
with positive threshold and level E,el,=2C, + Gidirectional "external" /179 
limiting will occur as a result (see Figure V.1k). 
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Figure V.9. Series Diode Clipper-Limiter. 


If inequality R,»R, is not satisfied, it should be considered that current 
passing across diode 0, influences the first limiter clipping threshold £, . 
Actually, when dicde dD, is closed, diode Dd, is open by bias sources EY and E, 
operating in agreement, Therefore, the difference in potentials between points 
a, 6(4%,,) will be determined not only by bias Ey but also by voltage drop across 


resistance Ry when diode Dd, current ivy passes across it: 
ER SER 


. ri : EE: + &: 
amu, —E, ik, -—E, = at : R,-E,= Kk, + R; 


(Ry <R,; Ry SR). 


Us > 4 Consequently, first 


Diode Dd) will open when u,,—4,,>0 » de Gey 


limiter clipping threshold and level will equal 


° E.R, —ER. 
£,=U,= Rte: 


Second limiter clipping threshold and level, as usual, will be determised 


by bias Eo: 


Ey =l = Ey 
Another clipper-limiter circuit comprising tvo parallel-connected series 


diode limiters with common load is depicted in Figure V.9b. 
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EXERCISE V.3 


Analyze Figure V.9b circuit operation. Point out clipping threshold and 
level values and, in Figure V.1, find the curves corresponding to the operation 
of this circuit. (Page 470) 


3. Parallel Diode Limiters 


0 ? 
Usnux ’ 
0 s t 





Figure V.10. Circuit and Voltage Curves for an Upper Parallel Diode Limiter 
With Zero Clipping Threshold and Level (F «0. (,=0) - 


The simplest parallel diode limiter circuit is depicted in Figure V.10a. 
In addition to diode D, it includes limiting resistance R, having, as was pointed 
out earlier, principel significance. Limiter output voltage is formed across 
load impedance R,, connected in parallel to the diode and, in accordance with 
Kirchhoff's second lav, equalling 


By, My dy, — Bg, = Uy, —iR, (V.4) 


where us, =iR, -- voltage drop across resistance Ro: 





a 
Transfer mode. When Uusg<0 , the diode is closed and output voltage turns /180 a res 
out to be applied to series-connected resistance Ro and 4. Therefore, 
Bory MO Uys — Rpg Ua — ea R, =a uy — ens <M a 
Lae (v.5) 5 
we 


Value uy, i8 less than value y,, by the magnitude of voltage drop across 
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resistance Roe In order to increase ua: (to decrease ug, ), there is a requirement 
that 


ea Re (v.6) 


Then the limiter transfer constant in the transfer mode approximates its 


maximum value 





Ry ee and Hous = Use 


Limiting mode. Where u,.>9 , the diode is open and its resistance R, 
is slight. Therefore, one may disregard shunting influence of resistance R, 
(R,@ R,) and consider that input voltage is applied to series-connected resistances Se 
Rg and R,- Consequently, 7 


Bax 
1+] (v.7) 


Ri+ Ro 





Hous Ug, — Up, gy — Riau, — 


in order to decrease “eux (:0 increase un)» there is a requirement that 


RL >Re (V.8) 


Here, almost the entire voltage drop will occur across resistance Ry and 


Your 0 * 


Combining inequalities (V.6) and (V.8), we get the condition for resistance 


a. selection: 


R&R, SR, (V.9) 


It should be underscored that, since conducting diode internal resistance /181 
is slioht and may not equal zero, a certain input voltage portion equalling voltage 
drop uw, across the open diude mandatorily will be reproduced at output during : se | a 
the limiting mode. Therefore, in principle, a parallel diode limiter may not o> 
provide strict limiting. . 
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This circuit action is depicted in Figure V.10b where sinusoidal voltage 


. is supplied to its input. In this case, upper limiting (not strict!) with zero Le 
clipping threshold and level will occur : 
EF, =C, =0. 


Bias source E also is introduced into the parallel diode limiter circuit 
to obtain non-zero clipping thresholds and levels; diode connection direction feey as 
must be changed to accomplish the opposite type of limiting. 


Ug 
0 


Usx E= Ugeix x . ‘ 
+ 0 t ae OS 
fae 

*—~Ta) : 6 


Figure V.11. Upper Parallel Diode Limiter Circuit and Voltage Curves 
With Negative Clipping Threshold and Level (Fatj<o) - 





We will use the circuit depicted in Figure V.lla as sur example, 


Transfer mode. Since bias E constrains diode cut-off, it closes only where 
Use tE<0 , 2- @., where uy<—£. But, given a closed diode, the bias source 
does not influence output voltage magnitude (it is cut out) and ugreus, (if 
Ramm R, ), 4 


Limiting mode. Where u,+E>0 » io Coy tig >—E , the diode is open and 





tee +f Use mati E = a 
Byuy  g, — Up, es oa rm -A R= Ry Ry re é 
Dawe epee ER 
e °o 


° (if R,>R, ). 


Thus, upper limiting with negative and equal clipping threshols and level: 
{ E,~—E; 0, m—E (due to open diode infinite resistance, Clipping level is reduced /182 


225 








: $ te, ar Pg 
nl ne pe 6S aS ee 


somevhat in absolute magnitude end limiting will not be strict). The action of 
this limiter when bipolar exporextial pulses sre supplied to its input is depicted 
in Figure V.1llb. 


Ro of, fe De | 
Uax +] Yeux Yor 2 iF | Un s 


E 
Ty | E,-| & 


ic) g 





Figure V.12. Parallel Diode Limite: Circuits. 


EXERCISE V.4 


Analyze the operation and provide the characteristic of the limiters depicted 
in Figure V.12: for each, point out limiting type (upper, lower), clipping threshold 
and level values, and find the Figure V.1 curves corresponding to circuit operation. 
For simplicity, assume here that R,=0: R,=0 « (Page 470) 


Parallel diode limiter and clamp circuits are similar to each other in the 
manner in which diodes are connected. This similarity sometimes leads to errors 
in determination of diode purpose when reading pulse circuits. In fact, limiter 
and clamp circuits and purposes are different. Voltage a-c component distortion 
(pulse amplitude reduction) will occur during limiting, while the voltage d-c 
component lost during passage across a transient R-C network changes (or is 
reestablished) in a clamp, while the a-c component (pulse amplitude, in particular) 
remains unchanged. 


Parallel and series diode limiters also must be differentiated since their 
circuits, operating principle, and basic properties differ. 


EXERCISE V.5 


a) Draw two circuits, an upper parallel diode limiter where Z,+(,=£>9 
connected to transient R-C network cutput and a positive upper clamp where 
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Teus@E>0 connected to transient R-C network output. Point out two principal 


differences in these circuits. 

b) Copy and fill in Table 1. 

c) Draw a series and a parallel diode limiter circuit considering internal 
resistances of input voltage generator & and bias source f.s connected to the 


limiter output network. How do these resistances impact upon limiter operation? 
(Page 471) 


Table 1} 





Diode Limiter Type 


Comparisem Criteria 
Series Parallel 








Circuit Characteristic Features 

When Will Limitiry Scour (When is Diode Open, Closed) 
Limiting Quality (Strict, Not Strict) 

Basic Ratios in the Circuit and Whet They Provide 
(Improverent. in the Transfer, Limiting Mode) 


4&. Influence of Stray Capacitances 





(4) 6 


Figure V.13. For Calculation of Stray Capacitance Impact 
on Diode Limiter Operation 
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Stray circuit capacitances -~ diode transfer capacitance Cas , circuit 

Capacitance C, , and subsequent stage (load) input capacitance Cy, -- may turn 
out to impact significantly when voltages with steep porches impact upon limiter 
operation. A series (a) and a parallel (b) upper limiter circuit with zero clipping 
theeshold, considering stray cavscitances, are depicted in Figure V.13. 

ComCu+Cyuz for the first circuit, while ComCan+Cu+Cox for the second circuit. 
We will assume that identical positive square-wave pulses, beginning with negative 
level Us=—U” with amplitude U,,=U’+U” , are acting upon the inputs of both 


circuits (Figure V.l4a). 





Figure V.14, Stray Capacitance Impact or Diode Limiter Operation: 
(a) — Input voltage; (b) and (c) — Series limiter output 
voltage; (d) -— Parallel limiter output voltage. 


Initially, ve will examine stcay capacitance impact on a series limiter. 
At moments ty) and tos instantaneous voltage drops with amplitude U,, act upon 
circuit input. At these moments, one may disregard currents across the ciode 
and resistance &,, compared with currents in capacitances C,, and C shunting 
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them. Consequently, voltage jumps AU,,, , the magnitude of which will be determined 
by instantaneous charges across the arms of capacitive divider C,,, , C3 /184 

Cy: AC =U te » will be transferred to circuit output. Depending on ratios 

U' and U" and Cy. , C., jump Al',,,, magnitude may be less or more than the magnitude 
of the positive port ion uf input voltage U' reproduced at output. The output 
voltage shape when \U,u,<U’ is depicted in Figure V.14b, while that when 


AUsur>C" is depicted in Figure V.14c. 


In the first instance, at moment ty diode plate potential rises with a jump 
to value U', while cathode potential rises to magnitude Aliw.<l’ . Therefore, 
the diode turns out to be open and, following the jump across it, capacitance 





c, overcharge wili occur to magnitude Usux = U" eee . Here, voltage y,.. 


rises by an exponent with time constant a1 ann (Co + Con) se Ry(Co+ Coa)e At 
3 a 





moment to» diode plate potential decays with a jump by magnitude U,, and takes 
on value -U", while cathode potential decays by magnitude AUsar< U’'<Uy, , the 
diode cuts off, and capacitance C_ discharges across resistance R, . Here, voltage 


Usux decays by an exponent with time constant tweRy(Co+Caa) - 


Since A,»R, , then y%St and, output pulse decay, the decay time 
of which will comprise = ¢.4*32;—3Ry(Co+Cg,) » is stretched to the maximum degree. 
Therefore, if decay time is given, then condition A ora pare puts an upper 


bound on load impedance magnitude, which satisfies condition (V.2), which places 


a lower bound on magnitude An. 


In the second case, plate potential rises with a jump at moment ty to magnitude 
U', wnile cathode potential rises to magnitude Al',,,>C° . Therefore, the diode 
turns out to be closed and, following the jump, capacitance Cy will discharge 
across resistance 9. . Here, voltage . . decays by an exponent with time constant 


» when the diode opens. At moment tor /185 





am R(Cis+Cu. to magnitude ("Zs Ea 
g ” 
diode plate potential decays with a jump by magnitude U’,, , while cathode potential 
decays by magnitude \Uyu,<Us: and the diode closes. Since Al.,,>l° , then negative 
voltage arises at output. This voltage disappears by an exponent with time constant 


sa™@Ru(Cy+Ciy) in connection with capacitance Cy discharge across resistance &, . 
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Dicdes with slight capacitance C,, (here, magnitude of \L cues Uy, te |jumps 
-a * Gar 


decreases) must be used in this case to decrease resultant stray "spikes " Yau . 


We will shift to the parallel limiter circuit whuse output voltage shape 

is depicted in Figure V.14d. At moment tis the diode is cut off and integrator 
Ras Cy is formed due to action of positive drop U',, . Therefore, voltage 

Ueur™4¢, will rise by an exponent with time constant -.«2,C, from level 

u,=Q to value U'. At moment to» capacitance recharging will becin across 
resistance R , (the diode is closed) due to actiun of negative drop’. Voltage 
eur will begin to decrease by an exponent with the same time constant 7=R.Cy , 
but at a high rate, since it will strive towards value -U". However, when 

Usse™O , the diode opens, capacitance C will turn out to be shorted by slight 
resistance PR. , valtage across it will take on value «,, and it will not change 
further. Therefore, rise time exceeds decay time and enuals %=3=832,C, . 


tm 


If value ¢ is given, then condition Rs Seg Crt Cal » which satisfies condition 
a 


(V.8), will place a bound on resistance Ry magnitude. 


EXERCISE V.6 


What diode limiter type and what conditions make it possible to reduce the 
influence of stray capacitances to a minimum? (Page 472) 


5. Computing Actual Diode Characteristics. Diode Limiter Compensated Circuits 


Oifferences between actual and ideal diode characteristics manifest themselves 
when voltages slight in magnitude are limited (see Figure III.2b). 


The influence of a diode actual characteristic (Figure V.15a) on operation 
of a series diode lower limiter without outside bias sources when bipolar square 
pulses are clipped (Figure V.15b) is depicted in Figure V.15. "Premature" diode 
opening when ug=£s<0 will lead to a change in clipping threshold and level 
(we will get Eu=E,<0, UpmioRe) instead of Ea=Uo=0 ), while initial characteristic 
sector nonlinearity causes nonlinear we, distertions near the clipping level /186 
(Figure V.15e). Conditional bias sourcy £, applied with a "minus" to cathode, 


230 





Ueux © (Ry 


(a@) 





Figure V.15. For Computation of Tube Diode Characteristics. 


should be introduced into the limiter circuit for computation of actual diode 


cut-off voltage (Figure V.15d). 





Figure V.16. Compensated Series Diode Limiter Circuit. 


It has been established that a 10% filament voltage change biases the actual 
diode characteristic approximately 0.1 V "along the horizontal." Characteristics 
also may be biased approximately +0.25 V "along the horizontal" due to diode parameter 
spread and diode aging. All these instabilities equate to corresponding "bias" Ey, 
magnitude changes in Figure V.15d and, consequently, will lead to stray clipping 
threshold and level changes. A second, compensating, diode connected so that, 
given clipped diode zero drift, compensated diode zero drift will act in the opposite 
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direction, is introduced into the limiter circuit to compat these phenomena, 

A series diode lower limiter with zero clipping threshold compensated in this /187 

manner is depicted in Figure V.16. The clipping threshold does not change during 
simultaneous and identical zero drift in both diodes (a change in fictic.ous voltages 
Ew, and EF . ) since, as long as clipper diode Dy is closed, compensating diode 

Dd, initial current creates voltage drop U.,=£10 across resistance R, equal 

to and acting in opposition to “bias" £,,,. The second half of the tube -- a 

dual diode, the first half of which is a clipper diode (this also explains the 

approximate equality of clizper and compensating diode zero drifts) -- essentially 
is used as a compensating ciode, However, clipping threshold stability increases 
only by a factor cf 5--10 due to incomplete diode Dy and Dd, identity. Compensated 
diode limiter circuits with non-zero clipping thresholds operating on the identical 


principle are depicted in Figure V.17. 





Figure V.17. Compensated Diode Limiter Circuits. 





EXERCISE V.7 


Analyze the operation of the Figure V.17 circuits. Indicate limiter type 
in each and explain the compensating diode action. (Page 472) 


It should be kept in mind when semicunductor diodes are used that their 
parameters will depend on temperature to a great degree. Thus, germanium diodes 
operate stably at temperatures below 75° C, while silicon diodes operate stably 
at temperatures below 100--150° C. At higher temperatures, the back resistance 
of these circuits rapidly decays and limiter operation is disrupted. 


6. Influence of a Transient R-C Network Connected at Limiter Input 





Figure V.18. Clipping Threshold Bias Due To 
Isolating Capacitor Influence. 


Accumulation of charges in the isolating capacitor (see Chapter II, § 5) 
siqificantly may distort limiter operation if voltage at limiter input passes /188 
across a transient R-C network in order to isolate d-c and a-c components. We 
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will explain this using a perallel diode lower limiter with zero Clipping threshold 
and level as our example (Figure V.18a). We will assume that isolating capacitor 

C, under input voltage action was charged in the steady-state mode to voltage 

(.. . Then, it is evident that this voltage will act as additional (dynamic) 
bias &=—Ul'r; applied to the diode, which will lead to a change in clipping threshold 
(but not level!). Input voltage and circuit parsmeters determine voltage Uo 
polarity and magnitude. 


We will assume that voltage us, , having p2sitive dec component U,,.. and 
sinusoidal a-c component U2 uy wl yay. is supplied to circuit input (Figure 
V.18b). We propose to use the limiter to place a lower bound on the a-c component 
with E,=U,=0 , If capacitor (, in the steady-state mode is charged to voltage 
U-yal'y,~ (as will occur in a linear transient R-C network), then d-c component 
action would be compensated for fully, only the a-c component 
( Mg a ce lees yy — User Bee ) would be applied to limiter input, 
and the problem would be solved. But, due to limiter influence, the transient 
network becomes nonlinear. Actually, under the action of positive half-wave component 
4,,_, capacitor C, additionally will be charged across resistance R (diode closed) 
and, during action of the negative half-wave, it will discharge across two parallel 


branches: resistance R, resistance R, » and diode. Resultant network discharge 
resistance R, = ee is less than charging network resistance R,=R (we assume 


for simplicity that Ry=0, R-=0 ). Therefore, the steady-state voltage value 
across the capacitor will decrease by certain magnitude tuo: Up, =U — ue 
(Figure V.186) and voltage at limiter output rises by that amount: /189 
wi, =a — Ui, 6, +%a- (Figure V.18c). 


We will recall that vatue ju- is determined from condition (11.50) for nonlinear 
transient R-C network output voltage in the steady-state mode 


{je RX, 
TF "Th 


As a result, a-c component “,,.. will have a lower bound, not at zero, but 
at negative clipping threshold value E,=—%tue (a portion of negative half-waves 
u,,. will be reproduced at limiter output). Output voltage clipping level will 


remain zero since Usur=uy0 when the diode is cpen (Figure V.18d). 
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Figure V.19. Method of Equalizing Isolating Capacitor 
Charge and Discharge (R.=R) - 


It is sufficient in this instance te make the resistance in capacitor C, 
charging and discharging networks identical (i.e., due to limiter influence, to 
convert the transient R-C network from nonlinear to linear) in order to avoid 
a clipping threshold change. A circuit in which compensating diode J, with 
resistance R,=R, is connected in parallel to limiter input to provide equality 

P,=R, is depicted in Figure V.19. Diode 2, opens when 4,,>0 (in the transfer 
mode, when the limiter diode is closed), creating an additional branch for capacitor 
Cy charging current across resistance R, . As a result, we will get 

Ryn pnte mR arg tue = O/T, = /I_), u)=4,,_, and sinusoida! voltage 
will be limited with the given zero threshold. However, this method of eliminating 
isolating capacitor influence only may be used if voltage 4,, at limiter input 
(R-C network output) can be changed symmetrically relative to the zero level (i. 
e., does not have an d-c component). If pulse voltage having a d-c component 
that does not equal zero will be subject to limiting, then isolating capacitor 
influence may be eliminated using a more standard device -- a clamp circuit connected 
at transient R-C network output (see Chapter IV). 


EXERCISE V.8 


Pulse voltage picked off multivizrator plate load (Figure V.20b), where 
E<U,, » is supplied to a limiter circuit with a transient R-C network /190 
(Figure V.20a). Draw the circuit output voltage curve in the steady-state mode 
considering capacitor Cs influence. Select the clamp type whose connection eliminates 
the transient network influence. Redraw the Figure V.20a circuit, having included 
the clamp circuit selected in it and draw the output voltage curve. (Page 473) 
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Figure V.20. For Exercise V.8. 


Load impedance R, may serve as transient R-C network resistance R when parallel 
diode limiters are used. ‘iis is ruled cut for series diode limiters since the 
diode current a-c component in them is closed across generator sx and installation 
of an isolating capacitor breaks this network. Actually, if capacitor C, in a 
series limiter circuit is connected to diode plate, then it will charge across 
the diode to maximum voltage, following which capacitor discharge vill tum out 
to be impossible (the diode is closed to distnarying current) and current will 
not pass across limiter load R,. If capacitor C, is connected to diode cathode, 
then it cannot charge itself. Therefore, cattcde potential will increase to value 


Use and the diode cannot open. In both cases, a series diode limiter will not 


onerate. 
§ 3. MULTIELECTRODE-TUBE LIMITERS 


1. General Notes 


Derivative gain in the transfer mde is K>l for multielectrode tube 
limiters as opposed to diode limiters, i. e., input voltage amplification occurs 
along with limiting. This makes it possible, first, to obtain output voltage 
amplitude, in spite of its limiting, greater than input amplitude and, second, 
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and especially significant, to increase output voltage porch steepness by a factor 
af K compared to input voltage porch steepness. Clipping amplifier output voltage 
is picked off the plate load. Therefore, clipping amplifiers invert input voltage 
phase. 


Multielectrode tube limiting may be obtained due to appearance of control : oe 
grid current (grid limiters), due to dynamic transfer characteristic lower knee 
(plate current lower cutoff limiting), and due to the upper knee of this /191 
characteristic (plate current lower cutoff limiting). 


2. Grid Limiters 


Control grid current i_ flowing across the grid--cathode path from grid to 
cathode arises if triode control grid potential exceeds cathode potential 
(Uga>0). The relationship between grid current and voltage u,, is analogous to 
the diode characteristic (see Figure III.2 and III.3). Therefore, one may look 
upon the crid--cathode path as a diode which opens when ua>O (the triode grid 
is this diode's plate, vhile the triode cathode is its cathode). 


Ea 
Ra 


Re 





Ca) 


Figure V.21. Grid Limiter Circuit. 


The simplest triode grid limiter circuit is depicted in Figure V.21. Presence 
of limiting resistance Ry connected in series from the contrel grid to the tube 
input network is a characteristic feature of this circuit. The grid limiting 
process also occurs in this same network, shown separately in Figure V.2lb. Actually, 
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a grid limiter input network circuit does not differ from a parallel diode upper 
limiter with zero clipping threshold and level (see Figure V.10). Limiting resistance 
R,: in accordance with ratio (V.8), must be selected from condition R,>ry , 

where fr, -- grid--cathode conducting path resistance. Resistance fg for most 

triodes comprises a magnitude of approximately 1 k Q . Therefore, limiting 
resistance Ry is selected usually in a range of 100 k to ]--2 M . The Figure 
V.21b diode limiter output voltage is voltage ". acting between triode grid /192 

and cathode: 


Lan m= Uy, — Up,, 


where 
&2,= i,Ro. 
This voltage is amplified and inverted in the tube plate network. Thus, 


one may look upon a grid limiter as a combination parallel diode upper limiter 


and a plate-load amplifier. 





Figure V.22. Grid Limiter Operating Principle. 
Grid limiter operation, given sinusoidal voltage limiting, is explained in 
Figure V.22. When negative halfecycles us, ua<O are active, ig = 0 ("diode" 


closed) and ugaue, since up,=igRo=0 . Grid current (Figure V.223) appears 
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when positive half-cycles 4s: are active and ugsQ since almost the entire 
voltage drop in the input network occurs across resistance A, >ry, - 
positive half-cycles "are clipped" at the zero level (Figure V.22b). 
current changes in accordance with the voltage ua, law if voltage ug clipped 

in this manner changes within the bounds of the transfer characteristic linear 
sector, while maximum plate current value corresponds to value ug=0 and equals 
L.. (Figure V.22c). Limiter output voltage UsyzeueeF,—i,R, changes out of 
phase with u, (Figure V.22d). As a result, input voltage has an upper bound 


with clipping threshold ZF,.00 , while output voltage has a lower bound with clipping 


Therefore, 
Triode plate 


level 


U, mE, — lay. (v.10) 





+£q 
fa 
mM 
Cn Re 
(e) , (4) 
Figurs V.23. Circuits For Grid Limiters 


With Non-Zero Clipping Thresholds. 


Outside bias source E. is introduced into the input network to change /193 
the clipping threshold (Figure V.23a, 6). Self-bias may be used for the same 
purpose (Figure V.23.c, d). In any case, however, expression (V.10) determines 


output voltage clipping level. 
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Figure V.24. For Exercise V.9. 


EXERCISE V.9 


a) Bipolar exponential pulses (Figure V.24a) are supplied to Figure V.23 
circuit inputs. Indicate, for each circuit, clipping t'ireshold & sign and gelect 
the output voltage curve corresponding to it (Figure V.24b, c). 


b) Attempt to compile a grid limiter circuit in which output voltage would 


have a lower bound (output—~upper). (Page 474) 


The impact of circuit stray input and output capacitances manifests itself 
when pulses with steep porches are supplied to grid limiter input. Circuit input 
capacitance C,, acts just like capacitance Co in @ parallel diode limiter (see 
Figures V.13b and V.14d), i. e., along with resistance R,, it forms an integrator 
leading to porch stretching (mainly) and voltage ug fall-off. However, the influence 
of grid limiter input capacitance manifests itself more strongly since the /194 
selected resistance Ro significantly is greater than in a parall2] diode limiter 
(triode resistance r,, is greater than open diode resistance R, ). Circuit output 
capacitance C,,, operates just as in a pulse amplifier (see Chapter I11, § 2) and 
will lead to additional porch stretching and output voltage fall-off. Resistance 
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Ry and Ro permissible values must be bounded in order to decrease the influence 


of stray capacitances. 





Figure V.25. Positive-Grid Circuit. 


Grid clipping also occurs in those instances when the grid is connected 
across large resistance R,>r,, to bus +t, (Figure V.25). Such circuits are 
referred to as positive-grid circuits and are used widely in pulse generators 
and saw-tooth generators. U,,>Q when a grid is connected in this manner and 


grid current le pe: flows across resistance Rg and the grid--cathode 
path, 


Here 


ER, 


Up mb, ~1 Ry = Ey — Rohe mE. = 0 


e 


(V.212) 


-- 9rid pctential whici) has an upper clamp essentially at the cathade psiential /195 


‘ ott -. 
level. Thus, for example, we will get Ug 2280 = eS BOTY when 7, @1,5 Km ; 


Ro = 1 M82, €, = 250 Vv. 


We will note in conciusicn that grid limiting also occurs when limiting resistance 
B 5 as such is absent, but output resistance of the previvus stage (of the voltage 
Ue: generator) Rp, is coincident with resistance 7, , thus itself playing the 
limiting resistance role. Therefore, if grid limiting is undesireable, and, as 
the stage operates, voltage ua>O , then resistance A, must be as small as 
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possible. In this event, it is advisible, for example, to use a cathode follower 


as the previous stage. 


3. Plate Limiters With Plate Current Lower Cutoff 





Figure V.26. Plate Limiter With Plate Current Inwer Cu 


A triode is cut off Ci, = 0) if voltage applied to its control grid becomes 
less than cutoff voltage u,<&,.* Here, plate voltage ua=£,~1,R, rises to 
the source voltage ES value, which it cannot exceed, This phenomenon also is 
used for plate current lower cutoff plate limiting. This limiter circuit is depicted 
in Figure V.26. It differe from a standard triode resistance amplifier only in 
operating mode: if input voltage in the amplifier must change within the constraints 
of the transfer characteristic linear sector, then the negative input voltage 
portion in this limiter must fall within the tube cutoff area. 


Limiter action when sinusoidal voltage is supplied to input is explained 
in Figure V.27. A lower bound is placed on input voltage due to plate current 
lewer cutoff, while an upper bound is placed m™ the output voitage. The magnitude 
of negative bias voltage cs selected determines the clipping threshold value and 


the latter equals EamEm—E, ‘ 





*Bias valtage E_ alwuys will be appiied as a "minus" to grid since, utherwise, 
the input voltage ositive portion will cause grid current and will be subjected 
to grid clipping. 
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Figure ¥.27,. Action of a Limiter with Plate Current Lower Cutoff. 





Figure V.28. Positive Pulse Clipping Due to 
Plate Current Lower Cutoff Where EG = Q. 


If there is a requirement to clip pulses of negative polarity, then bias 
© E_ may be absent, while grid potential may be clamped at the cathode potential 
level (U °o 2 QO) due to grid current (see Figure V.25). Voltage curves for /196 
this limiter type are depicted -n Figure V.28. 
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Figure V. 29. Limiter with 
Ucper Cutoff of Anode Current 
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It should be underscored that, in any event, output voltage clipping level 
U,«E, given plate current lower cutoff limiting. Tubes with sharp plate current 
cutoff are used in this limiter type to increase limiting precision. 


EXERCISE v.10 


Bipolar exponential pulses (Figure V.24a) are supplied to Figure V.26 circuit 
inputs. Determine clipping threshold and draw output voltage curves for three 
if there only is plate current lower cutoff limiting. 


Cases: Ey<Ese Egebe: Eg>Ege 
(Page 474) 


4. Plate Limiters With Plate Current Upper Cutoff 


Plate current upper cutoff occurs due to tube dynamic saturation. lhe essence 
uf this phenomenon was examined in Chapter III, § 2 and boils down to the fact 
that plate current increases when there is a valtage rise in the control gric, /197 
while plate voltage drops to specific limits Lo meee 24s, Usum + As a result, 
the tube dynamic transfer characteristic acquires an upper bend, which also is 


used for limiting. 


Triode dynamic saturation occurs when valtage u,, values are positive (see 
Figure III.13b). But, when u,=0 , control grid current, causing grid limiting, 
appears in the triode. Tus, this current always appears before plate limiting 
begins. Therefore, use of triodes for limiting vith plate current upper cutoff 
only is possible in those rare instances when an input voltage generator has slight 
output resistance R,<r,, (here, G-id limiting essentially has no impact). 

Pentade dynamic saturation, thanks to screen grid action, still occurs given negative 
voltages ug (see Figure I1I.13d), i. e., precedes grid limiting. Therefore, 


most limiters with plate current upper cutoff comprise pentodes. 


This limiter-circuit is depicted in Fiqure V.29 and is analogous to a standard 
plate pentode limiter. However, as opposed to a limiter, its operating mode is 
selected so that a radical upper bend is obtained in the dynamic transfer char- 
acteristic in the u,j<0 area. Large plate load impedance and increased screen 
grid voltage are used for this purpose, which facilitates cathode current redis~ 
tribution between plate and this grid, which results in plate limiting beginning 


prior to grid limiting, while its precision increases. 
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Figure V.30. Action of a cvimiter With Plate Current Upper Cutoff. 


Curves explaining circuit operation are depicted in Figure V.30. An upper 
bound is placed on input voltage (E F,-0 for the negative bias E_ magnitude selected 
foi Figure V.30), while a lower bound is placed on output voltage at level Us 
=Usuma » Sue to plate current upper cutoff. 


EXERCISE V.11 


Redraw the output voltage curve for a limiter with plate current upper cutoff 
(Figure 4.30d) and indicate how this voltage will change when magnatude E, decreases 


and vhen resistance Ro increases. (Page 474) 


5. Multielectrode-Tube Clipper-Limiters 


Above, we saw that three limiting types were possible using mitielectrode 


tubes; 
<— grid limiting (upper bound placed on input voltage and a lower bound on 


output voltage); 
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~~ plate current lower cutoff limiting (lower bound placed on input voltage, 
upper bound on output voltage); 
-- plate current upper cutoff limiting (upper bound placed on input voltage, 


lower bound an output voltage). 


Combining these types af limiting in pairs so that both an upper and a lower 
bound would be placed on input voltage, we get the following types of clipper- 
limiters: if an upper bound is placed on input voltage due to grid currents and 
a lower bound due tc plate current lower cutoff, then this is referred to as a 
transfer clipper~limiter; if an upper bound is placed on input voltage due to 
plate current upper cutoff and a lower bound due to plate current lower cutoff, 


then this is referred to as a plate clipper-limiter.* 


Transfer clipper-limiter. The transfer clipper-limiter circuit does not 
differ from the grid limiter circuit (see Figure V.2la, V25). However, the input 
voltage range change must cover the tube transfer characteristic "spread" /199 
in order to provide both manifestation of grid currents (given uss: maximums) and 
tube cut-off (given us: minimums). The values of both clipping thresholds £, 
and £, simultaneously may change, selecting the negative bias E_ magnitude. 
Bias magnitude must equal E,==£ to obtain symmetrical input voltage limiting. 
Operation of this limiter is explained in Figure V.31. The lower bound placed 
on output voltage (due to grid currents) is not as precise as upper bound usu: 


(due to tube cut-off). 


Plate clipper-limiter. This limiter circuit does not differ from the plate 
limiter circuit with plate current upper cutoff, i. e., a standard amplifying 
stage (see Figure V.29). However, the output voltage change range must from both 
sides cover the sloping sector of the tube dynamic transfer charac'>ristic in 
order to provide both tube dynamic saturation (given u,, maximums) and its cut-off 


(given y,, minimums). 


Operation of this limiter is explained in Figure V.32. The upper bound placed 


*The third grid limiting combination and limiting due to plate current upper 
cutoff physically are impossible since both phenomena place an upper bound on 


input voltage. 
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Figure V.31. Transfer Clipper-Limiter Action. 


on output voltage (at level Uo=Uaws) here also is not as precise as the upper 
bound (at level Q,=m£, ). As was the case in the previous circuit, the values 

of both clipping thresholds simultaneously may be regulated by magnitude Ey /200 
selection. Reduced plate supply voltage E, (to several tens of volts) often is 
used in the circuits under examination to decrease the input voltage change 
constraints required to obtain bidirectional limiting, as well as to "notch" a 
narrower band from the input signal. This facilitates both tube cut-off and its 
transition to the dynamic saturation area. As a result, the transfer characteristic 
"spread" corresponding to the transfer mode, i. e., the upper and lower clipping 


tiiresholds converge, is decreased. 


Cathode-counled clipper-limiter. As noted above, separate regulation of 


clipping thresholds £, and ¢, is hindered when transfer and picte clipper-limiters 
are used and different upper and lover limiting precision is obtained. The Figure 
V.33 cathode-coupled clipper-limiter does not have these shortcomings. It /201 

will comprise two stages: a cathode follower (triode L,) and a common-grid amplifier 
(triode L,). Both cathodes are coupled across common cathode load impedance Rk, . 








Figure V.32. 


Plate Clipper-Limiter Action. 





Figure V.33. 





Cathode-Coupled Clipper-Limiter. 





Figure V.34. Cathode-Coupled Clipper-Limiter Action. 


Limiter operating principle is explained in Figure V.34 and will comprise 
the following. The transfer mode is insured when both triodes are open. Here, 
triode L, plate current creates voltage drop uw, (cathode follower output voltage) 
across resistance &, applied as a “minus” to triode Lo grid, i. e., decreasing 
its plate current is2- Since voltage ts,, changes in phase with input voltage, 


402 Usare 


voltage usa, changes opposite in phase with voltage ,, while voltage 
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changes opposite in phase with voltage .,.: , then limiter output voltage in the 


transfer mode changes in phase with the input voltage. 


When voltage . decreases to value £. at which triode Ly cuts off 
Vy, . triode Ly plate current will become maximum and equai quiescent current 

iy, While its plate voltage vill become minimal. This insures that a lower 
bound is placed on input and output voltages. When voltage us; risee to value 

FE, at which triode Lo cuts off due to a voltage u, increase, its plate voltage 
will become maximum. This places an upper bound on input and output voltages. 
Thus, a lower bound is placed on input voltage due to triode Ly plate current 
lower cutoff, while an upper bound results from triode Ls plate current lower /202 
cutoff. This insures that an identically-precise upper and lower bound is placed 
on output voltage. Resultant output voltage clipping levels also are equal: = 
Cra wen™ Ee — isaRa. Cy = Uerunre @Egs 1% Clipping thresholds and clipping level 
are set by potentiometers R,, and &,, , which regulate bias voltages at the triode 


grids, 


A sufficiently-large resistance Ry (5~-10 k Q ) is selected to prevent 
grid current manifestations, given positive uss values, which insures deep negative 
feedback. Since a voltage uw, drop here may reach several tens of volts, bias 
voltages picked off the potentiometers are positive. 


Since the first circuit stage is a cathode follower, circuit input resistance 
is great, while input resistance is slight. The second stage common grid constrains 
signal "leakage" across triode Lo transient capacitance C,, when Lo is closed. 

§ 4. TRANSISTORS IN LIMITER AND SWITCH CIRCUITS 


1. Transistor Limiters 


Transistor use as limiters is based on the nonlinearity of transistor dynamic 


characteristics. The common-emitter transistor stage is the most-widespread circuit 
(Figure V.35). It does not differ :n appearance from a transistor amplifier (see 
Figure III.40, for example). However, operating modes differ significantly. 

A transistor in an amplifier operates in the large signal mode and its operating 
point leaves the characteristic's lznear area boundaries, to the saturation area 
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Figure V.35. Common-Emitter Circuit Transistor Limiter. 


on the one hand and to the cutoff area on the other. An upper bound is placed 

on output voltage (for pnp transistors) due to collector current saturation, while 
a lower bound is placed due to transistor cut-off. The saturation and the cutoff 
areas are used simultaneously to obtain signal clippwig-limiting, selecting /203 
the operating point in the initial state somewhere in the middle of the active 
area. 





Figure V.36. Plotting an O€ Transistor Load Line (a) 
and Dynamic Characteristic (b). 


Practical determination of clipping thresholds may be accomplished using 
dynamic characteristic :,=j.) . For this purpose, the load line will be plotted 
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initially in the static collector characteristic family, then the dyr nic char- 


acteristic will be plotted based on the 20ints where it intersects the static 
characteristic. The dynamic characteristic plot is illustrated in Figure V.36. 5 . 
Threshold clipping levels determine this characteristic's breakpoints. 


Base current ig=/,, magnitude determines output voltage upper clipping threshold 
at which collector current reaches saturation (i,=/.x) . The following relationship 


may be used to express transistor saturation condition: 


inl, wit, (V.12) 


Sep 


where 3.) -- average current gain value for a given transistor. 


Collector voltage in the saturation area equals Uy, wy », while collector 


current equals 


Eg Ue one ms 


sc Ei 
lg =e ~— Ry . (v.13) 
The magnitude of return base current ‘6=--/x at which uncontrolled /204 


current Jy Flows in the collector network determines lower clisping threshold. 
In the cutoff area, collector voltage equals 


Uy Ey — legRe. (v.24) 


To obtain bidirectional limiting, the current drop across the input network 


must equal the following magnitude 


Mig > leat Leo ea. 


Here, the voltage drop across the collector equals 


AU, oe Eg ml Re — Ue. wae (V.15) 


Since values /,,.R, and L', we» in sum do not exceed 0.2--0.3 V (where the 
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resistance Ry magnitude is om the order of tens of kilohn=), tne: essentially 
it is possible to consider 


aU, = E,. 
Collector current drop magnitude equals 
MM = Ley — Ley ban 
Thus, a transistor in a limiter circuit possesses good switching properties. 
There also is a requirement to note that signal limiting can occur when the 


input voltage drop has a relatively-low magnitude. This may be on the order of 
several tens of fractions of volts for germanium transistors and on the order 


of 1--2 volts for silicon transistors. However, one should remember that a transistor 


is controlled not by voltage, but by current, whose magnitude will depend on the 
magnitude of transistor input resistance and signal source internal resistance. 
Therefore, large input signal amplitudes essentially are required. 


Resistance R (included here also is signal source intemal resistance), whose 


magnitude is greater than trensistor input resistance in the conducting state, 
is connected to the base network so that transistor influence on input current 


is slight. In this event, one may assume that signal source emf magnitude determines 


input current, i. e., in=% ‘ 


EXERCISE V.12 


Is there an analogy between resistance R and resistance connected to a grid 
limiter network? (Page 475) 


Limiter operating quality will depend on selection of load impedance R, 
magnitude. Actually, resistance R, needs to te increased to increase limiter 
sensitivity to the input signal. The dotted line in Figure V.36 represents the 
load line where R.>R, and the corresponding dynamic characteristic. In 1205 
this event, lower input current drop 4:, is required for bidirectional limiting. 
However, circuit temperature stability deteriorates when resistance p, magnitude 
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is great. Current /,, increases sharp‘y at increased temperature. Since saturation 
current fy, magnitude, determined by external element parameters, specifically 

by resistance R, and source voltage £, , remains unchanged, then collector current 
drop \/,~/,,—/,, decreases. Consequently, the voltage drop across the limiter 
output also decreases. The following condition must oe satisfied for normal limiter 


operation across a broad range of temperatures 


1S ONS ieee: (v.16) 


EXERCISE V.13 


a) Select resistance x. for limiter operation in a temperature range up 


to +65° C if Ey a —I5 V, lee were UA, 


b) Ooes resistance 8. magnitude impact upon output signal amplitude when 
(Page 475) 


the tenperature is fixed? 
Resistance R, magnitude in practical iimiter circuits is selected within 


a range of several tens of kilohms, 
2. Transient Processes in a Transistor Switch Circuit 


Transistor operation in the switching mode is used not only for signal amplitude 
limiting. The switching mode is used in many transistor pulse devices, such as 


switches, trigger circuits, multivibrators, and the like. 


Good transistor switching properties make it possible to obtain shaped pulse 
amplitudes close to supply source voltage, which advantageously differentiates 


transistors From electron tubes. 


Switching processes will depend little on stray and transistor junction 
capacitance magnitudes since usually the load impedances across which a charge 
(dischacge) of these capactiances accurs is slight, on the order of unities of 
kilohms. However, the switching precess in a transistor switch to a large degree 
wili depend on the lag properties of the transistor itself coupled with the infinite 


rate of carrier diffusion and clean-out dclay during deep saturation. 
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Switching time will depend on tr: asistor type and on how it is connected 
in the circuit. This determines collector current pulse rise and decay time and, 


consequently, maximum possible switching frequency as well. 


We will examine transient processes in a common-emitter transistor switch, 
whose circuit is identical to the limiter circuit depicted in Figure V.35. 





Figure V.37. Transient Processes in a Comnon-fmitter Transistor Switch 
(Dotted Line Depicts Process With Tripping Current Present). 


In the initial state, let the transistor be cut off due to positive bias /206 
source £,, connected between the base and the emitter. At moment in time t = Ey 
negative current drop jige/g>fee is supplied to the transistor base (Figure V.37a). 


The transistor unblanks in accordance with a lav well-approximated by an exponent 
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(see Chapter III, § 6): 


t 
4, wyesn(t—e *), (v.17) 
t 
where = 357 -- collects. current-rise time constant in a common-emitter /207 


transistor circuit. 


Collector current at moment in time t = t reaches saturation and is clamped 
at this level (Figure V.3/b). Om time texr=t;—~% may be obtained from expression 
(V.17) if one considers that, when t = tyr few, while, if tt), ieeln 3 


t 


Lig = Bl ( —e % 


Hence, for rise time ¢,'+' we get a positive collector voltage drop (Figure 
V.37c) 


i zl, 
° a ee le Aan (V.18) 


Usually, base current /, will strive towards an increase to accelerate the 
switching process. Then, it tums out that 3/,>/,, and formula (V.18) is sirplified 


i ~—e J (V.19) 
et lea = ys. 


EXERCISE V.14 


Demonstrate that the om time approximate value may be obtained directly from 
Figure V37b. (Page 475) 


It follows from formulas (V.18) and (V.19) that transient process acceleration 
in a common-base transistor switch may be achieved by means of a large degree 
of saturation, vhich requires an increase in base current drop. We will nate 
that a current 7. decrease for such purposes is undesireable due to deterioration 
in circuit temperature stability. However, the transistor deep saturation mode 
has its drawbacks. It is a case where collector current during deep saturation 
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does not decrease immediately after cessation of the current pulse in the base 
network (time moment t = ty in Figure V.37), but following slight time delay 


Excessive carriers are cleaned out of the collector junction during this 
periud of time and this process occurs until the concentration of minor carriers 
in the base at the collector junction reaches equilibrium value. After that 
the transistor turns out to be in the active area and collector current dimunition 


begins. 


Collector current will fall to the initial value in accordance with an 


exponential law 


#|- 


i(thal,e 7%, 
(v.20) 


and, therefore, fall time is 


beg =a (3 =-5) ty, 
. ’ (v.21) 


Dispersal and fail time may be reduced significantly if, during cutoff, base 
current with a jump decreases from negative value /, to positive value ‘ye 
This is explained by acceleration sf the dispersal of the charge accumulated in 
the base under the influence of a strong blanking signal. The transient process 
occurring as tripping current 4 is supplied is depicted by the dotted line in 
Figure V.37. It is evident from the figure that lag time «, and fall time ¢,, 
may be reduced significantly by increasing the tripping current. Given great 
current J, magnitude, the approximate turn-off time value flaunamlpt+fe, may be 
determined directly from Figuze V.37 
j 


lat . (V.22) 


teusa 


Duration of collector voltage negative drup correspondingly may be determined 


froom the formula 


es f 
ee ae (v.23) 
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Collector current decrease ~-’ in expressions (V.22) and (V.23) differs from 
*} since, during a certain time period, the collector junction will be under 
the influence of forward voltage relative to the base and will act like an emitter. 


One may consider that tat, for qualitative evaluations. 





(a) a b) 


Figure V.38. Diode Clamp Method of On Time Reduction. 


Transistor turn-off time may be reduced if collector veltage diode clamping 
is used (Figure V.38a). The absolute value of the magnituus of clamped voltage /209 
source £g is less than that of voltage £,. Therefore, the process of switch 
initial state reestablishment ceases at level u,=Ey . It is evident from Figure 
V.38b that fall time may be determined in the following way: 


E. 
tame In-z~—=- : 
ee) eee (v.24) 


One cannot say that this method of decreasing turn-off time is completely 
satisfactory due to the decrease in voltage drops across the transistor collector. 
In addition, this method will not lead to a reduction in lag time. 


One effective way to increase switch response speed is use of an R-C network 
at transitor input (Figure V.398). Relatively-high actuating current arises in 





*Time constant << '°%+i)t; [6] depending on transistor type aiid design. 


257 











Figure V.39. Use of a Boosting R-C Network 
in a Transistor Switch. 


this circuit when a negative voltage pulse (Figure V.3Sp) is supplied to the input 
circuit 
/ we £2 
6. mane Ret an’ 


where te input pulse amplitude; 


lw -— base--emitter conducting sector resistance. 


This current, charying capacitor C, decreases to the assigned value 
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ua aw Lo : : 
lyr = Bota R ~ R’  since usually R=p(R-+r). Resistance R magnitude 


is selected so that the degree of transistor saturation is insignificant and is 
suffices only for compensation of circuit element parameter variation. 


Base current curves are depicted in Figure V.39c, while collector current 
curves are depicted in Figure V.39d. They explain the physical processes in the 
circuit. Here, curve 1 reflects the character of the change in ficticious collector 
current iy=3is , which would arise when input dc  ig=/6 vane » Placing the 
transistor in the deep saturation mode, is present. However, input current decreases 
by virtue of capacitor C charge and ficticious collector current must change in 
accordance with curve 2. In fact, collector current is clamped at level i,=/,, 
and rise time turns out to be insignificant. If circuit parameters are selected 
so that magnitude i/a yep Slightly exceeds j,, , then this rules out delay in transistor 
exit from the saturation state. 


©XERCISE V.15 
How is switch response speed linked with R-C time constant magnitude? (Page 475) 


A large spike of base back current, which provides slight tum-off time, 


arises at the moment the switching pulse ceases. 








CHAPTER VI /211 


TWO-STAGE SQUARE-WAVE GENERATORS (MULTIVIBRATORS) 
§ 1. GENERAL INFORMATION ON TWO-STAGE SQUARE-WAVE GENERATORS 
1. Generator Construction Principle. Self-Excitation Conditions 
Two-stage square-vave generators (flip-flops, multivibrators) are used widely 
in RLS pulse devices to obtain gate, blanking, and strobe pulses, display intensifier 


(flyback suppression) pulses, pulses controlling sawtooth generator operation, 
pulse repetition frequency division, pulse time delays, and so forth. 


“es er alte Sepwura ane ih 
(a@) \e (Ce J) 


Figure VI.1. Four Square-Wave Pulse Generator Operating Stages: 
(a) -- First equilibrium state; (b) -- First reversal; (c) -- Second 
| equilibrium state; (d) -- Second reversal; (e) -- Base; 
(f) -- Porch; (q) -= Tilt; (h) -- Droop. 
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Square pulses have an infinite frequency spectrum (see Attachment 1). So, 
from the frequency point of view, square-wave pulse generators simultaneously 
must produce narmonic oscillations in a broad (theoretically infinite) /212 
frequency band.* Cne may divide the complete operating cycle of any square-vave 
pulse generator into four stages, conditionally and separately depicted in Figure 
VI.1. In two stages (Figure VI.la, c) corresponding to pulse base and tilt shaping, 
generator output voltage must be constant, but must differ by a maqnitude equal 
to pulse amplitude. Qutput voltage constancy is insured in the circuit's equilibrium 
state electrically. Therefore, the generator must have two different equilibrium 
states, while the duration of one determines resting time duration ‘s and the 
other pulse duration %& . In the two other states (Figure VI.1b, d) corresponding 
to pulse porch and droop shaping, generator output voltage in the ideal case must 
change instantaneously -- rise or fall with a jump. A spasmodic circuit change 
from one equilibrium state to another due to action of interna) forces is referred 
to as circuit reversal. Reversal occurs when a state of unstable equilibrium 
arises in a circuit, when any, even a slight, random change in the circuit's 
electrical mode will lead to an avalanche-like process resulting in the circuit 


changing to a new equilibrium state.** 


An avalanche-like process develops in the event that any initial change of 
current or potential at a given point in a circuit is maintained and amplified 
due to processes arising within the circuit itself. This is the essence of the 
so-called self-excitation condition. it is evident that satisfaction of the 
self-excitation condition means that any electrical changes in a circuit must 
act in a closed loop: the output signal (the result of input signai action) must 
give way backwards to circuit input, maintaining and amplifying the input signal 
(the cause of the appearance of the output signal). Thus, a closed positive feedback 
loop must act twice in a generator, at the moment the pulse porch and droop are 
shaped. This loop must be open when the circuit is in equilibrium states. 


The overall seif-excitation condition is subdivided into a phase and amplitude 





“Therefore, they are called multivibratovs -- tultiple-frequency oscillation 
generators. 

**An avalanche-like process is one that develops in a circuit on the avalanche 
principle -- with rising (theoretically to infinity) speed ~- due to the action 
of internal forces. 
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self-excitation condition. The former means that an output signa! supplied in 
reverse to circuit input must act in the same direction as does the input signal. 
This signifies that the resultant phase shift between output ard input signals 

as the closed feedback loop is bypassed must equa! (or be shorter than) 2" : /213 


4s = Yous — Yas = 22. (VI.1) 
Feedback will be positive when this condition is met. 
Amplitude self-excitation condition means that the output signal must exceed 


the input signal in magnitude (the result is to exceed the cause). This signifies 
that .esultant gain in the positive Feedback loop must be greater than cnity 


Aden. 
K = eur 1 
t= 7 (VI.1a) 
This condition insures an uninterrupted rise in the conversion rate, i. e., 


its avalanche-like nature. 





Figure VI.2. Multivibrator Schemetic Diagram. 


Two tube or semiconductor triode amplifying stages connected in a closed 
loop so that each stage's output valtage is supplied to the output of the other 
stage are used to satisfy conditions (V1.1) and (VI.la) in the generators examined 
in this chapter. Therefore, the schematic diagram depicted in Figure VI.2 may 
represent such a generator in overal! form (the positive feedback loop for equilibrium 


states is open). 





——-— — 


For a two-stage generator, conditions (V1.1) and (VI.la), respectively, are 


written in the form 
9, 8+ Py OH (VI.2) 


A,=AKy> 1, (vI.2a) 


where 4, and &; -- phase shifts; 
K, and Ky -- gcin moduli for each stage. 


Phase self-excitation condition (VI.1) will be satisfied if each stage changes 


voltage phase 180°, i. e., is a phase inverter $:=; gus . 


As is known, the frequency band in which self-excitation conditions are satisfied 
must be as broad as possible to increase the reversal rate, i. e., pulse porch 
and droop steepness. From this point of view, presence of Frequency-selection 
elements -— incuctances and capacitances -- in the circuit is undesirable. 
Therefore, both stages in generator tube circuits are assembled as pulse amplifiers 
from resistances with plate load (see Chapter I{I, § 2). Output (plate) /214 
voltage from each such amplifier changes opposite in phase to input (grid) voltage, 
which explains satisfaction of condition (VI.2), while its gain is greater than 
unity, which explains satisfaction of conditon (VI.2a). 


All two-stage pulse generator circuits are categorized as symmetrical (when 
the circuits and all parameters of both amplifying stages are identical) and 
asymmetrical (when the circuits and amplifying stage parameters are different). 
Coupling of the plate (output) of ome stage with grid (input) of another is referred 
to as plate-grid coupling. Two identical plate-grid couplings are mandatory in 
symmetrical circuits. Only one plate-grid coupling often is used in asymmetrical 
circuits. In this event, the other is replaced by a coupling of cathode networks 
created with the aid of cathode load impedance R, common to both stages. Since 
the input of each amplifying stage is coupled tn the output cf the other and each 
stage is a phase inverter, then theirs input (and, consequently, their output) 
voltages change opposite in phase: if the input voltage of one stage rises with 
a jump, then the other drops with a jump. Jump magnitude is constrained by the 
nonlinearity of tube (or transistor) characteristics. The tube whose input voltage 
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drops cuts off, while its output (plate) voltage will become maximum. Blanking 
of this tube breaks the positive feedback network, i. e., disrupts satisfaction 
of self-excitation conditions, resulting in the next equilibrium state appearing 
in the circuit. A voltage rise at second tube input usually is clamped at the 
zero level due ta its grid current. Therefore, this tube's output voltage is 
Clamped in the equilibrium state at the minimum level. Thus, output voltage 
horizontal sectors are clamped in circuit equilibrium states due to plate-grid 


limiting (see Chapter V, § 3). 





—_ 


la 


Figure V1.3. Multivibrator as a Double-Arm Nonlinear Voltage 
Divider (a) and Its Output Voltage Curves (b). 


It is clear from what has been stated that the first tube always is unblanked 
and the second always blanked in the generator's first equilibrium state, while 
the opposite is true in the other state. This provides the foundation, from the 
output voltage shaping point of view, to represent the two-stage square-wave generator 
by a common equivalent circuit in Figure VI.3a in the form of a double-arm nonlineer 
voltage divider with commutator switch K. In this circuit, P,,. R.. -- plate 
load impedances, a, and W :c tube internal c-c resistance, while the dotted 
line depicts common cathode load impedance #, (it is absent in circuits with 
tvo plate-grid couplings). The extreme left and right switch K positions correspond 
to the tvo stages of circuit equilibrium state. The jumps in the circuit (reversal 
stages) are equivalent to switch threw-over from one extreme position to /215 
the other. The curves of the circuit's two output voltages picked off the stage 
plate loads and changing opposite in phase at the moment of switch throw-over 
is thrown are depicted in Figure VI.3b. 
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2. Basic Generator Types and Operating Modes 


There can be three tvo-stage pulse generator operating modes depending on 
the nature of the causes of spasmodic conversions, i. e., on the method of throwing 
switch K in Figure VI.3. The three basic types are: 
-~ multivibrators with stages of stable equiiibrium, usually referred to 
as flip-fiops; 
-~ multivibrators with one state of stable equilibrium, usually referred 
to as monostable multivibrators; 
-- free-running multivibrators without a single state of stable equilibrium. 
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Figure VI.4. For Explanation of Flip-Flop (a), Monostable 
Multivibratos (5) and Free-Running Multivibrator (c) Operation. 


Both equilibrium states are stable in flip-flops. Each may in and of itself 
continue as long as it desires and is disrupted only by an external stimulus. 
Consequently, each circuit reversal (switch throv-over) occurs only due to external 
trigger pulse uction. Here, the duration of the developed pulses and their repetition 
Frequency are determined exclusively by the time intervals between trigger pulses 
(Figure VI,4a). Therefore, there is no control in a flip-flop circuit. 


Only one equilibrium state is stable in monostable multivibratois and it 
may be disrupted only by an external stimulus. Interns: circuit processes determine 
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how long the circuit remains in the second equilibrium state. Therefore, /216 
the second equilibrium state is temporarily stable (quasistable). Consequently, 
trigger pulses are required here for a circuit reversal only in one direction 

~~ circuit reversal from a state of stable equilibrium to a state of temporarily- 
stable equilibrium. A circuit reversal in the opposite direction occurs spon- 
taneously. Here, trigger pulse intervals provide only the generated pulse repetition 
period, with the parameters of the circuit itself determining the duration of 
these pulses (Figure VI.4b). Therefore, there usually is generated pulse duration 
control in a monostable multivibrator circuit. The circuit requires a timing 
(time-setting) element (energy accumulator), which also determines how long the 
circuit remains in the temporarily-stabje state after triggering, in order for 

it to return spontaneously to the initial state of stable equilibrium. A timing 


capacitor connected to one olate-grid coupling plays this role. 


Both equilibrium states in free-running multivibrators are temporarily-stable, 
Consequently, both circuit reversals (both switch K throw-overs) occur spontaneously 
and do not require trigger pulse stimuli. The circuit timing element -- a capacitor 
-- determines how long the circuit remains in each temporarily-stable state. 
Therefore, the circuit has tvo timing capacitors connected to both plate-grid /217 
couplings. The parameters of the circuit itself determine all -‘arameters of the 
pulses generated in the free-running mode. The circuit generates a periodic pulse 
train af circuit parameters remain unchanged during operation (Figure VI.4c). 

A free-running multivibrator circuit controls generated pulse repetition period 


and duration. 


Presence of timing (as vell as stray) capacitances always impacts unfavorably 
on generated pulse shape. Therefore, flip-flops develop pulses that most-closely 
approximate square pulses, vhile free-running multivibrators provide the greatest 


pulse shape distortions. 
3. Principles of External Generator Triggering 


Action of external trigger pulses, which cause a circuit reversal, is required 
for flip-flop and monostable multivibrator operation. In principle, there is 
a requirement here either to unblank a blanked tube with a pulse of positive polarity 
(an unblanked tube is blanked here) or to blank an unblanked tube with a pulse 
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of negative polarity (a blanked tube is unblanked here). In any event, an active 
avalanche-like reversal process arises only in the time interval when both tubes 

are unblanked since a positive feedback loop exists only at this time. Consequently, 
a circuit reversal caused by positive feedback action means that a blanked tube 


must be unblanked by a trigger pulse before the unblanked tube is blanked.* 


Since it is mandatcry that one tube is unblanked prior to triggering, then 
there always is the chance to use it as an amplifier, a trigger pulse inverter. 
Therefore, it is more advantageous to trigger with a negative pulse supplied to 
untlanked tube grid. In this case, an amplified positive pulse, which is transmitted 
across the plate-grid coupling to blanked tube grid, arises in the unbanked tube 
plate network. It is evident that an ampli*ied positive pulse unblanks a blanked 
tube even in the event that negative trigger pulse amplitude at unblanked tube 
grid :s insufficient to blank it. Active circuit reversal will ensue as a result. 
Thus, flip-flon and monostable multivibrator sensitivity to negative trigger pulses 
is greater by a factor of K than to a positive pulse. Consequently, negative 
trigger pulse amplitude may be correspondingly less than that of positive pu)ses. 
Ac.ually, prior to triggering, voltage at unblanked tube grid equalled Uy way =O 
(r2sulting from grid limiting) and valtage at blanked tube grid equalled /218 

Odie SER then the amplituae of negative trigger pulse ("> required to unblank 
a blanked tube across an unblanked tube must be selected from condition 


Ugan 
Uz >| ae ' (VI.3) 


where K -~ stage gain in an unblanked tube considering plate-grid coupling transfer 


constant; 
E,; <- blanked tube cutoff voltage. 


The amplitude of the positive trigger pulse required for direct unblanking 


of a blanked tube must be selected from condition 


Cy > Up uae ~ Eg (VI.3a) 





*In practice, there are cases where am unblanked tube is blanked initially 
during triggering due to stray capacitance influence. Here, a passive circuit 
ceversal occurs when the positive feedback loop does not close (see below). 


267 








Along with a decrease in trigger nulse amplitud:, negative pulse triggering 


also has several ather advantages, which will be discussed below. ‘ 


Negative trigger pulses must act in sequence during flip-flop triggering, 
first to the grid of one, then to the grid of the other tube (insuring flip-flop 
reversal first in one, then in the other direction), while, during mcnostable 
multivibrator triggering, to the grid of the same tube unblanked in a state of 


stable equilibrium (the circuit spontaneously returns to this state). 


The role of trigger pulses in flip-flops and monostable multivibrators (just 
as is the case in other trigger devices) boils down only to the initial external 
stimulus on the circuit leading to initiation of an avalanche-like reversal crocess. 
This process itself already develops spontaneously and independent of this stimulus 
as self-excitation conditions are satisfied. This makes it passible, first, to 
gse very short trigger pulses for triggering and, second, to triager across special 
trigger tubes (diodes, triodes). A trigger tube transmits to a circuit only that 
sortion of a trigger pulse porch whose action suffices for stimulation of an 
avalanche-like orocess (far unblanking a blanked tube). After this, it closes 
immediately, cutting the trigger pulse source out of the generator circuit and 
thereby eliminating thoir harmful mutual influence. 


} 2. MULTIVIBRATORS WITH TWO STABLE EQUILIBRIUM STATES (FLIP-FLOPS) 


tL. Flip-Flops with Tyo Plate-Grid Couplings (Symmetrical Flip-Flops) 


he 


A flip-flop circuit with two plate-grid couplings and external bias source 
=. is dapicted in Figure VI.5a. Voltage curves for characteristic circuit /219 


x0ints without consideration for the influence of stray capacitances are depicted 


ay dotted lines in Figure VI.5b. 
Two identical triode amplifying stages Ly and Lo with plate loads pR,, and 


R.; form the flip-flop circuit. Each triode plate is connected with the other 


triode's grid across dividers R. R,, and R,,2,, to create a closed positive 
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Flip-Flop With Two Plate-Grid Couplings 


Figure VI.5. 
and External Bias Source. 


are connected to negative bias source 


feecback loop. Resistanc s 9, and Ry: 
/220 


e to create tequisite distribution of "dc" potentials (tube blanking 
capability). Accelerating capacitors Ch» C, used for high-frequency divider 
influence of tube stray input capacitances 


compensation making a decrease in the 
and 


possible (see Chapter II, § 4), are connected in parallel to resistances R 


Ro. As a result, tha flip-flop reversal rate increases. Capacitors Cy and C, 





*Such caspling of ane tube plate with the other tute grid often is referred 


to as putentiometeic cougling. 
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in principle may be absent. Negative trigger pulses éwu,e, aNd ung ate supplied 


alternately to triode grids across coupling capacitors C,,, C,. (we will examine 


trigger circuits across trigger tubes below). Circuit output voltages are picked 


off plates: deus uo. deer euae ¢ The parameters of both circuit halves ("arms") 


are absolutely identical. Therefore, this is referred to as a symmetrical flip-flop. 


We will assume that, after the circuit is cut in, it will be in an equilibrium 


state where both triodes are open, their plate currents are identical i,,=i.. , 


whise grid currents are absent (u,;;=.4,;<0i . This is a state of unstable equi- 


librium. Actually, due to pastive feedback loup action in which amplitude self- 
excitation condition (VI.2a) is satisfied, any random current or voltage change 
(fluctuation) in one circuit arm will lead to onset of an avalanche-like process. 


We will assume, for example, that triode Ly plate current rose by maqnitude 


Me: - Then voltages u,, and u,; vill decrease, which will lead to a current 


“12 decrease, i. e., to a rise in voltages u., and u,. amd, consequently, to 


a further and even greater increase in current «4. and saon. The resultant 


avalanche-like process symbolically may be depicted in the form 


*Bbtez 
big 
\ $ 
Ales y “Bias (VI.4) 
aus "Suge 


It is evident that an identical process vill arise during a random decrease 


in current :., or voltages «.> «. , as well as during a rise in voltages i... .: 


The avalanche-like process will evolve in the opposite direction during a fluctuating 


change in any of these magnitudes with the opposite sign. In this case, this 


process will terminate in a circuit reversal to a state of stable equilibrium, 
where, aS a result of tube nonlinear characteristics, the positive Feedback loop 
will be disrupted (or gain 4’, in this loop will become less than unity). This 
will occur either during blanking of that triode vhose grid voltage decreased /221 
with a jump, or when an upper bound is placed on the other triode's rising grid 


voltage due to its grid current. Flip-flop circuits usually are constructed so 


that both phenomena occur. 
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Thus, immediately after being cut in, the circuit converts with a jump to 
one of twe possible states of stable equilibrium, while, in the first, triude 
Ly is blanked and its plate voltage is maximum (u,.=(,.,.1 and triode Ly is unblanked 
and its plate voltage is minimal (u,;=l.6m! ¢ the apposite is true in the second 
state. Each circuit reversal -- its conversion from one state of stable equilibrium 
to the other -- occurs only due to trigger pulse stinulus (see Figure VI.4a). 
Triode plate voltages change with a jump in opposite directions during reversal 
to an identical magnitude equal to output pulse amplitude: 


l tut, > Osuw= U; wake U, wan ¢ 
We will examine basic considerations concerning circuit parameter selection. 


Resistances R,,,&.,; are selected using the same considerations used in pulse 


m7: sers and usually comprise tens or unities of kilohms (see Chapter III, § 2). 


Divider resistances R and R_ selected mus* be large enough to weaken divider 
shunting action to amplifying stages. In order that a divider connected to an 
unblanked tube plate essentially does not decrease its load impedance Ry (i. 

e., stage gain), this condition must be satisfied 





Here 
R,A(R + Ry) R, aap 
1" Ratko ke jah 
R-R, (V1.6) 


Unblanked tube grid current flows across the divider connected to blanked 
tube plate. As a result, blanked tube plate potential drops by magnitude /,%, . 
Since the urblanked tube grid--cathode path shunts divider outnut when grid current 
is present sr...) , then equivalent resistance between unblanked tube grid 


and cathode vill eqval 


ul if (VI.7) 
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Therefore, blanked tube plate voltage turns out to equal 


= E.R E.R. : 
s fF = ~ th = eet 
U, wae TO. UR, E, R, tRe Re E, Ry +R ge ’ 





or, since rR. Rs /222 
Cen Eee ese (vI.8) 
In order that this voltage diffir slightly from source voltage 
“sve SEs, (v1.82) 
this candition msc be satisfied 
oR (V1.9) 


In accordance with conditions (VI.5) and (VI.9), resistances R and Ry on 


the order of hundreds of kilohms are selected. 


Each divider transfer constant equals 





Divider parameters and negative bias fy magnitude are selected so that, when 
voltage l', wm 2S Supplied to divider input from unblanked tube plate, the other 
tube vill be blanked by divider output voltage Ujwa; when voltage U, ane is supplied 
to divider input from blanked tube plate, the other tube vill be unblanked under 
the influence of divider output voltage (7... - If the tube connected to divider 
output is removed, then its minimum (for (.,,) and maximum (for Us vaxe) output 
voltages, in accordance with Kirchhoff's second law, considering (VI.5) and VI.10) 


will equal: 


, Cg wun + E ose 
Ug wan = EER Re — Eg (Ua uae + Ey) Ka — Ey: | 
. weec *~ E, | 


! Cy ume ™ Re Re Ry Re Ee HU yume + Ey) Ky — Ey. (VI.11) 
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One may accept that Usus=2E,g for reliable tube blanking; voltage ees 
must be greater than zero for reliable tube unblanking and stabilization of its 
output voltage Ciwe . Then, grid current will arise in it when the tube is 
installed and, since R->r,. » its input voltage will be clamped almost at the 


zero level Ty,,.=0 (see Chapter V, § 3). 


One may accept roughly that Canc = Ep >0°. Considering these constraints, 
ratios (VI.11) will be written in the form 


(CO, wae Fe) Ka — Ey = 26g | (VI.1la) 


(Oy nae + Ey) K,-&, =1E£,, 


Subtracting the first equatity from the second, we will get (Uy sane /223 
— avn) Kad En 
hence 
3) £0! 3; Egoi 


=) 


Ue wane —l, cae ( Sus (VI.12) 





kK,> 


where Ue Usvane—Usuem ~~ Sutput pulse amplitude; value UT, vexc is determined 
in accordance with (V1.8), while value (',,,,, will be found from the loi line 
intersection point for selected resistance R, with the static plate characteristic 
for grid voltage (\.,-m0 (see Figure III.13a, for example). 


Ratio (V1.12 makes it possible froa values Cau, and E50 to compute requisite 
magnitude 4, and then, tased on (VI.10), to refine resistance R and RG magnitudes. 


Negative bias EG magnitude is determined from the second (VI.lla) equality: 


E oe AU's wane a Ege! 


e TA, (VI.13) 


Since stage gains in a symmetrical circuit are identical A,=KymK , then 


NS ST 


*Conditions Usemet£em Uguac - fe do not consider the possibility of optimum 
circuit narameter selection from the point of view of circuit Stability and speed. 
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amplitude self-excitation condition (VI.2a) may be written in the form 
K,=K?>1) or KK. > 1 (V1I.14) 


Expressing arm gain based on (II1I.49), considering ratios (VI.6) and (VI.10), 


we will get 


! = Rn sas) = aR, nae 
iK| R+R, Re Rl RR, K.>1 (VI.l4a) 


This condition is satisfied automatically if divider transfer constant is 
selected in accordance with (VI.12). Actually, since always K;<I , then it 
follows from (VI.,12) that output pulse amplitude must satisfy inequality 

Uysr>3 F, » satisfaction of which is insured through selection of sufficiently- 
large plate load A. resistances. If this inequality is satisfied, then we will 
get K™~: since a change in voltage at stage input (at triode grid) by magnitude 

E,, means that voltage at stage outout (divider connected to its piate) must 


change by a magnitude of at ieast 3E yn 


EXERCISE VI.1 


a) How will triode Lo plate voltage change if triode Ly loses emission (filament 
burns out) at the moment: when triode L, was unblanked; when triode Lo was blanked? 
How will circuit state change when the bad triode is replaced (under voltage) 


by a good one? 


b) We will assume that triode ty is unblanked in initial flip-flop state, 
triode L, is blanked, conditions (VI.12a) are satisfied, and the circuit is triggered 
by a real trigger pulse with finite porch steepness. We will disregard for the 
time being the influence of circuit stray capacitances and we will consider that 
the reversal process itself occurs instantaneously. Under these canditions, draw 
grid voltage .,, and : curves for two cases: if the trigger pulse /224 


is supplied to triode L, grid; if it is supplied to triode Ly grid. 


For each instance, determine what the trigger pulse polarity and minimum 
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es 


amplitude must be. In what instance will flip-flop reversal begin earlier? In 


what instance will an active (avalanche-like) flip-flop reversal occur? 
(Page 475) 





Figure V1.6. Flip-tiop With Two Plate-Grid 
Couplings and Self-Bias 


The external negative bias source in a symmetrical flip-flop may be eliminated 
if self-bias, obtained with the aid of cathode load impedance Ry common for both 
A symmetrical flip-flop circuit with two plate-grid couplings 
Current of one (unblanked) triede in 
Since flip-flop 


stages, is used. 
and self-bias is depicted in Figure VI.6. 
each state of stable equilibrium flows across resistance Ry . 


arm parameters are identical, then /,,=/,;=/, and constant voltage drop l',=:/,F. 


applied with a “minus” to the grids is created across resistance , . Temporary 


pulsations of this voltage arise only at the moments of circuit reversal and are 


smoothed by capacitor C,. . A capacitance on the order of 0,001--0.01 uF is selected 


for this capacitor, depending on the duration of the transient process-s in the 
This circuit does not differ from the previous one where operating principle 


circuit. 
| » then, 


is concerned. If one accepts, as usual, that Uy sage 2 Ego, Cr wae = Eg 
instead of ratios (VI.lla), one should write 


Us wa X, — U, wn; 
Ug uae kK, —~U, = lE a), 
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hence divider gain, as usual, will be expressed by ratio (VI.12) 


3] Egol 


u. wexe Ce “nw ‘ 





K,= 


while self-bias magnitude equals 


UO, KU, uae Ego. (VI.15) 


i. @., less than the magnitude of external bias determined by exoression (VI.13). 
This is explained by the fact that smaller currents (voltage UL’, , as opposed /225 

to voltage E_, is nat applied to the dividers) flows across the dividers in both 
states of stable equilibrium when external bias source ES and the same values 

for Ro ®, and Rg are absent. As a result, voltage drops across resistances Ry 
applied with a "plus" to triode grids and, consequently, the negative bias magnitude 
required to create plate-grid limiting, decrease accordingly. Resultant output 
pulse amplitude (, ,=2l..4-—U,.en is somewhat less than in the previous circuit. 


It is demonstrated in Ficure VI.6 that trigger pulses are supplied across 
coupling capactors C.,. Cy: , not to grids (as in Figure V1.5) but to triode plates. 
Here, a pulse supplied to given triode plate is transmitted from this plate across 
the appropriate divider tu the other triode grid and the triggering mechanism 
is not altered. As will be demonstrated below, triggering to plates is more 


preferable than triggering to grids, given that trigger tubes are used. 


EXERCISE vi2. 


a) Explain why self-bias flip-flop output pulse amplitude at identical Eo 
Ro RK, and R_ values is less then for a flip-flop with an external bias source. 
How will a change in resistance R, (that does not disrupt circuit self-excitation 


conditions) impact upon pulse amplitude? 


b) How will capacitor c, breakdown impact upon Figure V1.6 circuit operation? 


c) What is the polarity of the pulses supplied when plates are triggered 





and to what triodes (unblanked, blanked) are they supplieu? What must the minimum 
amplitude of these pulses be? (Page 477) 


2. Flip-Flop Resolving Time. Influence of Stray, Coupling, and Accelerating 
Capacitances 


Flip-flop voltage curves depicted in Figure VI.56 are idealized since stray 
circuit capacitance influences are not taken into account. These capacitances 
were depicted in Figure VI.5a by a dotted line and, in the main, are the input 
and output capacitances of each tube.* Presence of stray capacitances precludes 
instentaneous (spasmodic) grid and plate voltage changes, i. e., stretches flip-flop 
triggering and reversal processes and distorts the shape of its output voltages. 
Therefore, flip-flop conversion from one state of stable equilibrium to another 
occupies a certain finite time interval, as a result of which flip-flop speed 


and its resolving capability are reduced. 


The least time interval between adjacent trigger pulses during which assured 
flip-flop operation still occurs from each pulse is referred to as flip-flop /226 


resolving capability or resolving time 4,,,. - 


Resolving time determines the greatest frequency of assured flip-flop operation 


(if trigger pulses act in the form of a periodic train) Fey we=—— and the 
perp 


least pulse duration, which may be developed by the flip-flop twum=lpssp * Therefore, 
the tendency in high-speed electronic devices, computers for example, is to use 
flip-flops with the highest possible resolving capability, i. e., with the least 


resolving tine. 


One may represent resolving time in the form of the sum of three time intervals 


-- trigger tinc, reversal time, and recovery time: 


foasp = Maan + Sbonp + fy. (VI.16) 





“Capacitance C,, also comprises a circuit capacitance, while capacitance Cane 
also comprises a circuit and a load capacitance connected to flip-flop plate (input 


capacitance of tre next stage). 
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Trigger time \fjaq is understood to mean the time the flip-flop is acted upon 
by the trigger pulse to the reversal threstold, i. e., the interval from the onset 
of the trigger pulse action until the onset of positive feedback loop actian. 


Reversal time Alp is understood to mean the duration of the avalanche-~like 
process of converti::g the flip-flop from one state of stable equilibrium to the 


other, i. e., the time the positive feedback loop is active. 


Recovery time Af, 1S understood to mean the duration of the transient processes 
arising following reversal, i. e., after the positive feedback loop closes. We 


will examine what each of these intervals depends on. 


We will assume that triode Ly in the initial state in the Figure VI.5a circuit 
is unblanked, while triode Lo is blanked, and that flip-flop triggering cccurs 


by a negative square pulse supplied to triode Ly grid. We will accept that triyger 
; Ueuas —£ ; : 
pulse amplitude Ey'>Us >|" el in accordance with (VI.3), i. e., not 


sufficient for direct triode ly blanking, but sufficient for triode Ls unblanking. 
This insures that the positive feedback loop closes, i. e., an active reversal 
characteristic (see Exercise VI.1b). Flip-Flop voltage curves under these conditions 
are depicted in Figure V1.7. The dotted line indicates absence of accelerating 
capacitors C)» Co while the solid lines indicate when these capacitors are present. 


Triggering time. Initially, we will assume that accelerating capacitors 
are absent. Under the influence of trigger pulse vertical porch (Figure VI.7a), 
voltage u,, due to the influence of input capacitance C,,, will drop only gradually 
(Figure VI.7b) due to charging of this capacitance from the trigger pulse generator 
across coupling capacitor C,, . An equivalent circuit fer capacitance Cex; Charging 
netvork is depicted in Figure VI.8a, where RQ, -- trigger pulse generator /228 
output resistance anc, since triode Ly is unblanked, then C,, should be understood 
as dynamic input capacitance equalling Cy, yeCya+Cag(l+ A’) in accordance with 
(111.55). Oaisregarding in this circuit large resistance F,, (it is connected 
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Figure VI.7. Flip-Flop Voltage Curves Cansidering 
Influence of Stray and Accelerating Capacitances. 
(f) -- Charge; (g) -- See Figure 
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figure VI.8. fquivalent Flip-Flop Stray and Accelerating 
Capacitance Charging (Discharging) Circuits. 
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in parallel with capacitance C.,, and Ra @?R,)*, For the time constant of the 


examined circuit ve will get 


Carl 


cory 


Eee eo (VI.27) 


Tern. at] = R 





During time \f=3esap on: (time interval between points 1 and 2 in F. ire VI.7b), 
voltage «,, will reach steady-state value U’,,., determined ty the capac. ice 


divider Cp:.Cyg, arm relationship: 


, , & , 1 
Ua OU eae Oe ee (VI.18) 


(we are assuming that, during this time, the circuit still will not be brought 


to the reversal threshold). 


Since triode Ly operates in the amplifying mode, then, due to the voltage 
us; decrease, its plate voltage «,, rises but reaches the steady-state vaiue somewhat 
later (pairt 3 in Figure VI.7c) due to the additional influence of output /229 
capacitance ¢,,,.. This capacitance is charged across the amplifying stage output 
resistance, which, 1n accordance with (III.50). equals 


Rik, 


Reuss —= Ri 7 yt 


1. @., wath time constant 


Teen ert = Rear Cons 1. 


VILLI) 


As 1 result of additional integrating action of capacitance C,,,,, voltage 


during a decrease in voltage 4,;. by an exponent rises already not by the lav 








“Here and below, for approximate time constant location, just as before, ve 
will disregard netvors elements exerting minor influence on pulse porch flov, 
i. @., Of spectrum high-frequency ccriponents. 


281 





ee 
an a 
3. 
ng 


eas | oe 





af exponents -- the rate of rise of this valtage at first increases, and then 
decreases, The voltage ui: rise is transmitted across divider Ris Rye to triode 

-2 gtid. However, the voltage u,: increase additionally vill be constrained due 

to influence of input capacitance ¢,,; . An equivalent charging circuit for this 
capacitance, if accelerating capacitor Cy is absent, is depicted in Figure VI.8b. 
impieying the .quivalent generator theorem relative to points aa, for the capacitance 


Coxz Charging time constant we will get: 





- — rt RD Re; S59 rae Wey 7 
“tap. Bas a oes Cu: ~ eS es Ciae: (VI.20) 


Equating expressions (VI.20) and (VI.19), ve see that, since 


RRa 
Ri + Res 





> Ry t(R, PRR PRER, mR) » and, in addition, the triode input 
capacitance is greater than its cutput capacitance C,. >Caus , then 


Zep. ast repeat =. Therefore, voltage ug vill rise significantly more slowly 
compared to woltage ua, (Figure VI.7d). Here, the law of witage ug tise differs 
even more from the lav cf exponents than does the lav of voltage 4, rise as 

a result of capacitance Cy, additions] integrating influence. At the moment vhen 
voltage u,; reaches cutoff voltage (point 4 in Figure VI.7d), triode Ls vill unhlan, 
dovever, satisfacticn of self~excitation condition (VI.2a) means that voltage 

ug actually must somevhat convert cutoff voltage so that the triade operating 

point will leave the transfer characteristic sector with sufficiently-iarge 
transconductance. Therefore, the avalarche-like reversal process will beyin even 


later -- when voltage Voz reaches, a certain threshold value Usg>E,3 (point 9 
in Fagure VI.7d). 


We vill rote that, in the interval betveen point 4 and 5, vnen triode L, 


is unblanked, dynamic input caurcitance (,,.; ulrtscy °- °° ve consicered in expression 


+e 


(VI.29). Therefore, tne rate of voltage Ung Frse in this interval will become 
3 


even less. 


Thus, trigger tare Siuyg 13 deterzined by che interval Detveen points 1 and 
iz 


§ and :s simificant due to influence of capacitances Cosy. Cans: » and Mainly due 


TD 


© Peat KR. 
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La the large capacitance Cia charging time constant (initially stutic, then /230 
dynamic). It is evident that, if the trigger pulse ceases befure the positive 
Feedback loop begins to operate, then there will be no circuit reversal. Therefore, 
the minimum required trigger pulse duration must satisfy condition -. we \.. 
(Figure V1.7a). 

A slight triggering time decrease may be acnieved through increasing the 
steepness of the valtaqge Yay porch vhile the trigger pulse is active. in accordance 
vith (VI.17), a trigger pulse generator vith slight output resistance ” should 
be used for this purpose. However, this will lead to stretching the reversal 
process since slight resistance #&, will shunt the positive feedback loop in the 
triode Ly grid--cathode path, 

The capacitance of coupling capacitors needs to be decreased to 20--50 pf 
in order ta reduce this harmful trigger pulse generator influence on the flip-flop 
{as vell as tre reverse influence of flip-flop unblanked triode slignt resistance 
ra yhen grid current to the generator is present). Hcwever, here flip-flop input 
netvorks for trigger pulses are converted into differentiators which, in turn, 

vill lead to the Folloving. First, the duration of a differentiated (cnopsed) 
trigger pulse in the unblanked triode grid already may turn out to be insufficient 
for Fispeflop reversal. Second, as a trigger pulse of sufficiently-great duration 
‘u>Mrayp is differentiated, there is the danger of flip-flop misoperation by 
3 pulse of oprasite polarity arising at input network output during differentiation 
of the trigger pulse d:oop. In addition, a decrease in carmritance Ca , 1n 
accordance with (VI.14), vill lead to a reduction in capacitance divider Cy. Cae 
transfer constant and, consequently, in the amplitude of that pulse at this divider’s 
sutput (at triode ty grid). Therefore, a trigger pulse generator must senerate 


oulses of appropriately-great amplituce.* 


ie now will examire how connection of accelerating capacitors will impact 
upon iriggering time. Presence of accelerating capacitor C) essentially does 
not impact upon the perch steepness of voltages Uapr Yare Hovever, the rate of 


voltase Wig Ti5e Now increases significantly. Actually, when capacitor Cc) is 
) 


*Sased on the reasors given, use of vrigger tubes (see below) is the most effective 
way to decrease the mutual influence of the trigger pulse generator and flip-flop. 
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present, the equivalent circuit for the capacitance C,,., charging netvork may 
be depicted in accordance with Figure V1.8c. Oisregarding the influence of large 


resistances Ry and Ry2 (they are connected in parallel to capacitances Cc, and 


and 2 te ys) 9 we will get for this netvork's time constant 
: CC 
Suap oa? = “oust Cote (VI.21) 


Equating expressions (VI.21) and (VI.20), we see that, since Re ’ 
are hs 


vhile at <a OF ’ then Sap axa < 7p. o:e . 
~ Cees : 


Therefore, when accelerating capacitors are present, the interval between 
points 1 and 5' already determine triggering time, i. e., it is reduced greatly: 
Mint Mia.) «The minimum trigger pulse duration required for triggering is 
reduced accordingly ‘.uunlewm ‘(Figure VI.7a). In addition, capacitor Cy 
in conjunction with capacitance Cy, for the voltage Us) porch (change) forms 


a capacitance divider vith transfer constant 


Kime Se 


C, + Coss le iu (VI.22) 


Therefore, selecting a sufficiently-large capacitor Ci espacitance 'C.>>C,,:) , 
\ it is possible to increase the amplitude of the change of voltage transmitted 
across the divider from triode Ly plate, making it possible to decrease trigger 
pulse amplitude accordingly. 


The accelerating capacitor role increases even more when plates are triggered 
(based on the Figure VI.6 circuit). Actually, in this event, second divider Ro» 
Roy across which a trigger pulse is transmitted to this grid from the blanked 
triode Lo plate additionally will influence the amplitude and steepness of the 
pulse porch at triode Ly grid. A capacitance divider comprising three series- 
connected capacitances Cp. Cy Coss is Formed for the trigger pulse when capacitor 
C4 is prasent. An increase in this divider's transfer constant requires an increase 
in both the capacitance of coupling capacitor ¢€,, and that of accelerating capacitor 
C 


as ee 


2° 
Reversal time. The positive feedback loop goes into action at moment te 
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, 
(without accelerating capacitors) or te (wher. they are present). Therefore, the 


rate of grid and plate valtage change rises sharply. A bound is placed on this 
rite for voltages Us] and Y52 by tne capacitance Cyy,,,,charge across resistance 
Rag, aNd the discharge of capacitance Cyu,., across resistance Ray: , respectively 
( Puy and Ry. <- amplifier output resistances which unblank simultaneously 
at the reversal stage). A bound is placed on the rate of voltage Ug) and a2 


change by the recharge of capacitances C,,, and C,,, , respectively. 


This recharge occurs in accordance with (VI.20) across large equivalent 





: RR . . : 
resistances pot (for Cy, } and — (for Cy, > when accelerating 
ow Mer 2 c 


capacitors are absent; when they are present, in accordance vith (VI.21), it occurs 
across slight resistances Reus: and Rew , i. @., Significantly faster, Therefore, 
71! changes of potential in the circuit occur at high speed. When voltage /232 

Mout decreasing, reaches cutoff voitage E502 (points 6 or 6’ in Figure VI.7b), 

triode L, blanks, the positive feedback laop is disrupted, ond the avalanche-like 


process ceases.* 


Cansequentiy, reversal time equals the interval between points 5 and 6 without 
accelerating capacitors and the interval between points 5' and 6' when these 
capacitors are present, while 3¢,,, <Alep. All other conditions being equal, 
reversal speed is greater, the greater the resulting gain in the feecback loop. 
Therefore, reversal time, just like triggering time, decreases when the capacitance 
sf accelerating capacitors increases (here, the transfer constant of the capacitance 
dividers across which plate voltage changes is transmitted to grids) and vhen 


triodes with large transfer characteristic transconductance are used (here, triode 


gains increase). 


Recovery tine. After the feedback loop closes, grid and plate potentials 
continue to change to their fixed values, but already significantly mor lowly 


-~ at the rate of the passive processes of charging (discharging) of the corresponding 


capacitances. 





“Hore preciiely, this occurs somewhat earlier, when voltage Yor canverges vith 
cutoff voltage to the extent that triode Ly transconductance already will be 


insufficient to satisfy the self-exitation condition. 
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If no accelerating capacitors are present, then, since triode Ly is blanked 
already, the voltage U5) rise, vhich occurs at the rate of capacitanceC,,,,, charge 
acfoss resistance R,, to value Cuiwanct£a , is the source of further changes 
of potentials ‘nr the circuit. Remaining voltages accordingly change more slowly, 
while the last to reach its steady-state level 1s voltage Yai (point 7 in Figure 


VI.7b). This also determines recovery time js, . 


When accelerating capacitors are present, recovery time rises due to their 
recharging. Actually, in the initial state, capacitor Cy» connected to unblanked 


triode Ly plate, was charged to voltage 


Cie vow = Oo ee ne (VI.23) 
while capacitor Co» connected to blanked triode Ls plate, was charged to veitage 
le were = U2 ware Un wane =é, >Ua wae: (VI. 24) 


We will assume that, during triggering and reversal time, vaitages u,, and 
u-, essentially do not change (capacitances Cc, and Co are sufficiently large) 
and now ve will disregard the influence of stray capacitances. Following reversal, 
capacitor cy must be charged to voltage Uc, warewE&, , while capacitor c, must 


be discharged to voltage Ccouse = Ugiuee— Ugiuon « 


The capacitor Cc) charging netyork equivalent circuit is depicted in /233 
Figure VI.8d. in this circuit, fya2 <-- Slight resistance of triode Ls grid--cathode 
path when its grid current is present. A branch comprising resistance R2 and 
bias source E_ parallel to this resistance is not shown (one may disregard the 
influence of this branch since fm: ). Using the theorem of the equivalent 


generator relative to points aa, considering that *g2@R,.Ra@R, | fom thts network 


time constant we will get: 


(Rg, + Fear) R, 


Sant Re gage Re OF Rass. (VI.25) 


Charging current i,, , flowing across resistances Rat and ¢.,;, reduces triode 


ey plate potential anc increases triode Ly qrid potential. This current is maximum 
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at the First moment and then drops by an exponent with time constant <4, . 
Therefore, during reversal time, voltage Us) does not reach fixed vélue U, vax. 

by magnitude 12”, =/,,,,R,, and, during the recovery process, rises to this value 

by an exponent vith time constant *r! (Figure VI.7c). Voltage U2 initially 

with a jump vill exceed the zero level by magnitude 30,,=/yy:7ea: , and then 

will decrease do this level by an exponent with the same time constant (Figure 
VI.7d). Since triode L, is unblanked, then a negative exponential excursion of 

its plate voltage with amplitude 30}, = KIL, corresponds to a voltage Ug2 positive 


exponential excursion (Figure VI.7e). 


The equivalent circuit for the capacitor cy discharging netvork is depicted 
in Figure VI.8e. Using the theorem of the equivalent generator relative to paints 


aa, considering that Ryw2R., for this network's time constant we vill get: 





R; (Re: > Roux 2) ‘ana R:Re, 
Tent = Be Rpt Rent OO Ree ge (VI.26) 


Discharging current in; flowing across resistance Row’ reduces triode Ly 
grid potential. Therefore, immediately following completion of a reversal, voltage 
turns out to be lover than its fixed value Usium by magnitude 1U,,=/,.R,,, 


u 
gl 
Y 

and then rises to this value by an exponent with time constant ‘pes? , 


Equating expressions (VI.25) and (VI.26), we will get 
» #Re, 
Spars > Tuaps gate > Rail . Therefore, voltage Ug) will attain its fixe value 


4 


, : ox : 
later than do volt.4es Yay Ugo? and U2 (point 7" in Figure VI.7b). 


Recovery tire equals the interval between points 6’ and 7' 1234 


36, 3tyuipn See Or (v1.27) 
Curing time 4) , flip-flop sensitivity to trigger pulses decreases. actually, 
the stimulus of the subsequent pulse must tead to triode Ly unblanking. However, 
if this pulse leads to the fact that capacitor co discharge vill cease, i. e., 
when voltage u ] is less than its fixed value C's van, then the amplitude of this 
pulse may turn out to be insufficient. Therefore, the danger arises of a "lapse" 


of this (and, therefore, of the subsequent) trigger pulse. 
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Thus, inclusion of accelerating capacitors permits a decrease in triggering 
time and, consequently, wse of shorter trigger pulses, a reduction in trigger 
pulse amnlitude (especially when triggering plates), and reduced reversal time, 
i. e., to increase the steepness of the output voltages during this time.* But, 
cn the other hand, this will lead to a rise in recovery time, a reduction in flip-flcp 
sensitivity fol'owing reversal, and appearance of additional distortions in output 
voltage shape. Stretching the porch of the positive change in plate voltage blanking 
the tube is the most significant of these distortions (Figure VI.7c). In accordance 


with (VI.25), the duration of this porch turns out to equal 


“to z S*sapt = 3R,.C, é (Vv I . 28) 


Based on the reasons given, the capacitance of the accelerating capacitors 
is selected from compromise considerations -- either from the condition of complete 
divider Frequency compensation (III.46) CR=Cars%,, which, when resistances R 


and R_ are approximately equal, will provide C=Cazn or several times greater 


C= (t43 Cora . Since triode input dynamic capacitance usually will fall within 


the limits Cy,=25—50pF, then C = 25 + 150 pF. 


An increase in flip-flop resolving capability calls for use of triodes with 
slight interelectrode capacitances and great transfer transconductance (6N6P and 
6NI5SP triodes, for instance), as well as a decrease in resistances Ras R, and 
Ros which vill lead to a decrease in the recharge time of all stray and accelerating 
capacitances.** A resistance Ro decrease also will lead to a decrease in tube 
dynamic input capacitances, which corresponuingly makes it possible to decrease (235 
accelerating capacitors and thereby reduce recovery time. Connection of load 
to tube plate across an output cathode follower is employed to reduce flip-flop 
output capacitances and the capability of operating a low-impedance load. These 
measures are employed to reduce resolving time by aprreximately l usec, i. @., 
to obtain a Frequency of assured flip-flop operations up to 1 MHz. A further 





*In addition, as vill be demonstrated below, accelerating capacitors increase 
flip-flop symmetricai triggering reliability. 

**First, when resistances Ro R, and Rg are reduced, the magnitude of the grid 
and plate changes of voltage decrease, which may lead tc disruption of flip-flop 


dec operating mode stability. Second, power dispersed in the unblanked tube grid 
rises. oth reasons place a lower bound on the magnitude of these resistances. 
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increase if flip-flop speed is achieved by introduction of high-frequency comnensat ion 





to plate netyvorks (see Chapter III, § 3) connected to the feedback network at 





cathode follover divider output (this makes it possible to decrease accelerating 





capacitances up to 5--20 pF), by a decrease in the magnitude of grid and plate 






voltage changes by using clamping (limiting) diodes, and by reolacing triodes 





vith pentodes. These methods permit an increase in the frequency of assured flip-flop 












operation to about 15 MHz. 





Figure VI.9. Flip-Flop Irregular Operation With 
Periodic Pulse "Lapses." 


EXERCISE VI.3 


a) A3 was noted, due to the requirement to decrease the capacitances of 
coupling capacitors, there is a danger of flip-flop misoperations due to trigger 
pulse differentiation in input networks. When is this danger the least, when 


positive puises are used for triggering or when negative pulses are used? 







b) how does an increase in coupling capacitor capacitance impact upon flip-flop 







operation? 





cy Explain the reason for onset of periodic trigger pulse "lapses" arising 





each time following a series of flip-flop operations in accordance with Figure 
VI.9, (Page 477) 











3. Symmetrical Flip-Flop Trigger Circuits 







A flip-flcp trigger circuit must insure: 
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-- reliable flip-flop reversal by means of pulses (or changes) of the smallest 
possible amplitude; 

-- minimum triggering time, i. e., trigger pulse duration; 

-- absence of misoperations; /236 

-- least possible influence of trigger pulse generator output networks on 


the flip-flop and flip-flop input networks on the trigger pulse generator. 


As we already have seen, satisfaction of the first three requirements best 
is insured during negative pulse triggering. Triggering occurs across trigger 
tubes, used to insure trigger pulse generator cut off from the flip-flop immediately 
following the beginning of reversal to decrease mutual Flip-flop--trigger pulse 
generator influence. In addition, thanks to its electrical valve-like action, 
trigger tubes eliminate false flino~flop triggering by opposite-polarity pulses. 


Flip-flop triggering may be asymmetrical (individual) and symmetrical (common 


or counting). 


In asymmetrical triggering, the flip-flop has two individual trigger pulse 
inputs, with pulses reversing the flip-flop in one direction supplied to each 
input. This triggering is employed usually when the flip-flop is used as a pulse 
stretcher, i. e., for shaping pulses whose duration must equal the intervals between 
tyvo adjacent trigger pulses, each of which generated by an individual generator. 


In symmetrical triggering, the flip-flop has one common input for trigger 
pulses, vith each trigger pulse versing the circuit independent of the state 
which the circuit is in prior to pulse arrival. Such triggering usually is employed 
when the flip-flop is used for division of the repetition Frequency er ceunting 


pulses generated by one gererator in the form cf a periodic train. 


Initially, we will examine an asymmetrical triggering circuit. Asymmetrical 


triggering vithout triggering tubes may occur across coupling capacitors either 

to grids as in the Figure VI.5 circuit, or to plates as in the Figure VI.6 circuit. 
As ve already know (see Exercises VI.1, 2), in the first example, the flip-flop 
triggered each time by a negative pulse acting upon the unblanked triode grid. 
the second case, this is done by a negative pulse acting upon a blanked triode 


In 
plate. Plate triggering requires greater trigger pulse amplitude and it is advisible 


to increase the capacitance of accelerating capacitors. 
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Figure V.10. Standard Circuits for Asymmetrical Triggering 
of Flip-Flops Across Trigger Tubes. 


Standard circuits for asymmetrical triggering across trigger tubes are depicted 
in Figure VI.10. In Figure VI.10a, negative trigger pulses are supplied to triode 
grids across isolating circuits Cp. Rp; Cy Re and trigger diodes dD) and Do. 

Betn diodes are connected so that only negative pulses may pass, thus eliminating 


the possibility of false triggering by positive pulses. 


Let us assume that triode Ly is unblanked, while triode Lo is blanked. Since 
unblanked triode grid voltage is maximum and somevhat higher than zero, then /237 
diode 0) is unblanked (this diode's current facilitates left grid voltage clamping 
at level ljun-=20). Diode dD, is blanked since its plate potential equals 
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{ Lam< 4 i. @., Ieas than cathode potential. The circuit may be reversed from 
this state only », a negative pulse supplied to diode D) and across it to triode 
Ly grid. Tri-.Je Ly unbdlanks during triagering, triode Ly grid voltage drops, 
and diode dD, will blank, cutting the corresponding trigger pulse generator out 
of Lriode Ly grid. Diode cutoff will occur at the moment when its plate voltage 
equates to cathode voltage. This moment will arrive before the trigger pulse 
porch ceases since, after reversal begins, triode Ly grid vcltage decreases /238 
raster than the trigger pulse porch does (see Figure X.29). Diode 0. unblarks 
when triode Lo grid voltage, rising, reaches the zero level, connecting the second 
trigger pulse generator to this grid. Subsequent flip-flop reversal is possible 
only by a negative pulse supplied by this generator to diode D.. 


Coupling capacitors Co. Cog rapidly charge to voltages applied with a 
"plus" to diode cathodes as negative trigger puise porches flow acruss the diodes. 
These capacitors must discharge completely during resting times. Othervise, diode 
cathode potentials will increase gradually due to dynamic bias, which constrains 
trigger oulse flow. Therefore, isolating network C,R, time constants must be 
sufficiently slight. One drawback of this triggering circuit type is that blanked 
diode back resistance shunts large blanked arm divider resistance Rs {fF this 
back resistarce is not sufficient, initial distribution of potentials in the circuit 
is disrupted. As a result, circuit operating reliability and stability will 


deteriorate. 


Negative trigger pulses in Figure VI.i0b are supplied across diodes Dis 0, 
to flip-flop tube plates. Since the cathodes of both diodes are connected to 
bus a) while potentials of these plates (triode plates) are less than a then 
both diodes are blanked in the initial state. As vas the case in the previous 
circuit, the diodes do not permit positive trigger pulses to flow to the flip-flop 


circunrt. 


We will assume again that triode Ly is unblanked in the initial state, while 
triode L, is blanked. Then diode 0) is close to unblankina (uy Re E.) and a 
negative pulse supplied to its cathode will be transmitted to the olanked tricde 
plates and then on to unblanked triode grid, causing a circuit reversal. Diode 
0, is blanked by large reverse voltage “4.2™U,um) and does not pass a trigger 
pulse since its amplitude usually is less than difference £,--Usuum + 
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Thus, flip-flop triggering occurs cach time across that diode cornected to 
the blanked triode, After onset of the reversal, diode 0» immediately is blanked 
due to rapid triode Lo plate voltage decrease. The trigger pulse generator is 
cut off here more rapidly ard more precisely than in the previous circuit since 
the magnitude and steepness of flip-flop negative plate valtace changes are much 
greater than the negative grid voltage changes. This is the basic acvantage of 
such a triggering circuit. In addition, as opposed to the previous circuit, d. !e 
D5 during reversal only approximates the unblanking thresheld, but will remain 
blanked. Therefore, the second trigger pulse generator is not connected to the 


flip-flop circuit and does not retard its reversal. 


Hovever, as already noted above, triggering to plates requires greater trigger 
puise amplitudes than does triggering to grids. Also, great reverse vultage /239 
£,—Uy,. turns out to be applied to the diode connected to the unblanked tricde, 


creating the danger of semiconductor diode breakdown. 


A circuit for asymmetrical flip-flop triggering across trigger triodes Ly, 
L, is depicted in Figure VI.10c. Negative bias ¢t,, is supplied to the grids 
of these triodes. It selected magnitude is sufficiently great for reliable triode 
blanking even given maximum possible plate voltage Es Therefore, buth triodes 
are blanked prior to triggering and eliminate negative trigger pulse action on 


the flip-flop. 


We again will assume that flip-flop triode Ly is unblanked, while triode 
Lo is blanked. Then, a positive trigyer pulse mus’ be supplied to triode Ls grid 
to trigger the flip-flop. Triode lL unblanks while this pulse is active, its 
current will flow across plate load impedance R22 commen with blanked triode Lo» 
and an amplified negative pulse transmitted to an unblanked triode Ly grid will 
arise in the t: tode Ls and Ll plate. Triode Ls blanks again before the trigger 
pulse porch ceases if the rate of triode L, plate voltage decrease during the 
reversal process exceeds trigger pulse porch steepness. This is explained in 
Figure VI.11, where curves of grid and plate voltages, as well as the law of triode 
L, cutoff voltage level change (dotted line in Figur- VI.lla) during the triggering 


process, are depicted. For clarity, reversal rate is accepted as infinitely large. 


A trigger pulse begiis to act at moment t and unblanks triode Ls at moment 
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Figure VI.11. Trigger Triode Ls Action in the Figure VI.10c Circuit. 


tos when grid voltage compares with the cutoff voltage — level for maximum olate 
voltage U,aanc™E, . Further, voltage 453 begins to decrease and, at moment ts 


when triode Ly unblanks, flip-flop reversal occurs. Here, voltage U53 = Yeo with 
‘dewever, the lower negat-ve 


a jump decreases to value Ugwen (Figure VI.lib). 
Therefore, 


cutoff voltage meqnitude must correspond to the lower plate voltage. 
cutoff voltage rises with a jump at the moment of reversal to level &,, >&,, (this 
level will fall above value UgywenesEcnt Uns, if Uy<Fj,—Eyn ). But, since 
voltage u_, continues to rise at a lower rate determined only by trigger pulse /240 
purch steepness, then, at moment ty, this voltage again compares with cutoff voltage 
(point 3) and triode Ls again is blanked. Thus, trigger tubes unblank alternately 
only during short time intervals (in Figure VI.lla, in the interval between points 

2 and 3), while all the rest of the time they are blanked and reliably cut trigge: | 
pulse generators off From the flip-flop. In addition, as a result or the amplifying 
action of these triodes, trigger pulse amplitude may be significantly decreased 


compared with the previous trigger circuits. 


EXERCISE V1.4 


a) How does the influence of blanked diode dD, back resistance impact upon 
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distribution of potentials in the Figure VI.10a circuit? 


b) What will happen if triode Ly in the Figure VI.10c circuit malfunctions 


(loss of emission)? (Page 478) 





Figure VI.12, Standard Flip-Flop Symmetrical Trigger Circuits. 


Standard symmetrical (counting) trigger circuits are depicted in Figure VI.12. 
Two methods of symmetrical tr:ygering without trigger tubes are depicted in Figure 
VI.12a. 


The first method involves supplying positive trigger pulses across coupling 
capacitor (,, to flip-flop cammon cathode load impedance F:. . Each trigger pulse 
increases overall cathode potential, i. e., acts simultaneously on both grids 
like a negative pulse (capacitor C., shunting resistance 2..in this case must 
be absent or it vould delay the increase in cathode potential while the trigger 
pulse is active). Flip-flop reversal occurs from each trigger pulse, which /241 
is amplified by the unblanked triode and transmitted from its plate to blanked 
triode grid. In this triggering method, the trigger pulse generator turns out 
to loaded at all times to flip-flop cathode network slight input resistance (on 
the order of 1/S) and, therefore, must be powerful enough. In addition, the trigger 
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pulse is transmitted to unblanked triode grid across large resistance Ro which 
forms an integrator with this triode input resistance. As a result, the trigger 
pulse porch at grid is stretched, while its amplitude decreases, 


The second method involves supplying negative trigger pulses across coupling 
capacitor Cr: to additional common plate resistance R. . This methed will lead 
to a decrease in flip-flop output pulse amplitude (plate voltage changes). Actually, 
since current from one of the triodes always flows across common resistance R. , 


blanked tricde plate voltage significantly will be less than value ES 


Y gon 


t a) bose 





Figure VI.13. For Explanation of Processes During 
Symmetrical Triggering Without Trigger Tubes. 


Symmetrical triggering without trigger tubes always is less reliable than 
asymmetrical triggering. It is & case where each negative trigger pulse in 
symmetrical triggering acts not only on unblanked triode grid, but simultaneously 


also directly on blanked triode grid, hindering its unblanking. If trigger pulse 
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amplitude here is insufficient, ther tre circuit will remain in the previous state, 


i. e., no triggering occurs. If trigger pulse amplitude is sufficient fur blanking 

an unblanked triode, then both triodes will turn out to be blanked while the porch 

of this pulse is active. Then, triggering only may occur when accelerating capacitcrs 

of great capacitance are present. In order to demonstrate this, ve will /242 

assume that triode Ly in the Figure VI.12a circuit prior to triggering was unblanked, 

triode Lo was blanked, and a positive trigger drop with vertical porch was applied 

to coupling capacitor C,; at moment ty (Figure VI.13a). Drop magnitude is Ua> Ey, - 
For simplicity, ve will not consider the influence of circuit stray 


capacitances. 


We will assume initially that accelerating capacitors are absent. Then, 
grid voltages will change in accordance with Figure VI.13b, c. The drop porch 
will flow across a coupling capacitor and with a jump increase cathode potential, 
i. @., reduce both grid voltages to an identical magnitude equalling CU, 
Therefore, immediately following the action of the drop, just as prior to it, 
triode Ly gtid voltage remains more positive then triode Ly grid voltage. Further, 
in connection with coupling capacitor charging, both grid voltages will rise by 
an exponent with identical isolating network time constant ty=CyiRy . Here, since 
both triodes turned out to be blanked, both grid voltages will strive towards 
identical maximum level C’,,,.. Uj... determined in accordance with (VI.11). 
However, since voitage 4g) began to rise from a higher value, it is the first 
at moment t, to reach cutoff voltage. Therefore, triode Ly unblanked until trigger 
drop action unblanks again, while triode Lo will ‘remain blanked, i. e., no circuit 


reversal occurs. 


Now we vill assume that there are accelerating capacitors in the circuit. 
Then, prior to triggering capacitor Cc. connected to blanked triode Lo plate vill 
be charged in accordance with (VI.24) to voltage Cvswaxc=&, » vhile capacitor 
C, in accordance with (VI.23) charges to voltage Ur; wm Uai wen — Os san < Uc2 wane * 
We will ascume that during triggering and reversal time, these voltages essentially 
did not change <= .~ const, scgecunst . In this event, grid voltages wili change 
in accordance with Figure VI.13d, e. At moment ths just as before, both grid 
voltages with a jump will drop by trigger drop magnitude Us , and then further 
will begin to rise with the isolating network time constant. However, the levels 
to which these voltages will strive now will turn out to be different: voltage 
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Yol will strive towards level F, — Uvz4,=0, vhile voltage u_, will strive 
tovard level ©€,—C ,.u,>0. Therefore, voltage Ug2 will rise at a high rate and 
will reach cutoff voltage first at inoment t3. As a result, previously- blanked 


triode Lo unblanks, i. e., circuit reversal will occur. 


The capacitance of the accelerating capacitors is increased to 200--500 pF 
to increase the reliability of symmetrical triggering without trigger tubes, 
However, as was demonstrated above, this will lead to deterioration in flip-flop 
resolving capability due to the rise in recovery time. It should be noted that, 
even in this case, flip-flop triggering occurs with a large delay, avoiding /243 
the active reversal stage. Actually, after blanking of both triodes at moment 
th. only ane of them (L5) unblanks at moment ts. The other remains blanked and 
the positive feedback loop does not close. Therefore, only passive, "sluggish," 
fiip-flop reversal occurs at a rate determined only by the coupling capacitor 


recharge rate. 


It is not difficult to see that the examined nature of the triggering processes 
in essence will not change if a square pulse of identical polarity acts on a flip-flop 
instead of trigger drop. Actually, the decay of this pulse with a jump will increase 
both grid voltages. However, the blanked triode does not unblank since a negative 
pulse amplified by the unblanked triode will act simultaneously on its grid. 


A circuit for symmetrical triggering with negative pulses to flip-flop grids 
across trigger diodes d 0, is depicted in Figure VI.12b (this circuit comes 
from the Figure VI.10a asymmetrical trigger circuit through connection of trigger 
diode cathodes). We will assume that triode Ly is unblanked prior to triggering, 
while triode Ls is blanked. Then, diode DF is unblanked (its plate potential 
equals U's wane and is slightly more than zero), while diode dD, is blanked (its 
plate potential equals Ugzuun<0 ). Triggering is accomplished across unblanked 
diode 0), which immediately transmits a trigger pulse to unblanked triode Ly grid. 
During the reversal process, diode Dy will blank due to a decrease in its plate 
voltage to value Ugium. Diode Dd, unblanks, preparing the trigger circuit with 
the next trigger pulse. 


This trigger circuit's shortcoming is that, in spite of the presence of two 
diodes, a negative trigger pulse still acts upon both flip-flop grids simultaneously, 
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which, as demonstrated above, reduces triggering reliability. In order to demonstrate 
this, we will assume that trigger pulse amplitude is less than value l'jssm, ie 

e., insufficient for direct unblanking of blanked diode dD, due to reduction of 

its cathode potential by the trigger pulse. But, diode dD. plate potential will 

rise simultaneously with the reduction in its cathode potential (in connection 

with an increase in triode Ly plate potential). Diode 0, unblanks when these 
potentials are equal and the trigger pulse constraining triode Lo unblanking also 
will pass. Flip-flop accelerating capacitances must be sufficiently great, just 

as in symmetrical triggering without diodes, in order for the circuit to reverse 


all the same. 


A symmetrical trigger circuit using negative pulses across trigger diodes 
to flip-flop plate networks is distinguished for significantly-greater reliability. 
This circuit is depicted in VI.12c (it comes from the Figure VI.10b circuit by 
connecting diode cathodes). Here, diode cathode potential in the initial state 
equals Eo while their plate potential always is less than Es Consequently, /244 
both diodes are blanked. We will assume again that triode Ly is unblanked, and 
triode Lo is blanked. Then, diode Ly will be close to the unblanking threshold 
and a negative trigger pulse will flow across it to blanked triode Lo plate, then 
on to unblanked triode Ly grid. Diode Dd, is blanked by large back voltage 
£,—Cssny and, since the trigger pulse amplitude is significantly less than this 
magnitude, then it may not unblank. Thus, the trigger pulse acts directly only 
on the unblanked triode grid. As a result, the blanked triode unblanks and, as 
was the case in symmetrical triggering, an active (avalanche-like) circuit reversal 
occurs. Here, triode Lo plate voltage decreases with a jump, resulting in diode 
DF again blanking immediately following onset of reversal, cutting the trigcer . 
pulse generator out. Diode od, remains blanked, only approximating the unblanking 
threshold upon reversal cessation. This also favorably impacts upon the reversal 
rate since, right up to its cessation, the harmful influence of the trigger pulse 
generator on the flip-flop is eliminated. The subsequent trigger pulse will trigger 


the flip-flop across diode 02 and so on, 


The shortcomings of this trigger circuit include (just as was the case for 
asymmetrical circuits triggering plates across trigger diodes) the requirement 
for a slight increase in trigger pulse amplitude and the possibility of breakdown 
of semiconductor diodes with large reverse voltage. Symmetrical circuit triggering 


across trigger triodes is the most reliable. 
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EXERCISE VI.5 
a) What will breakdown of Figure VI.12c circuit diode dD, lead to? 


b) Ocaw a flip-flop symmetrical trigger circuit across trigger triodes and 


explain its operation. (Page 479) 


4. Cathode-Coupling Flip-Flop 





Figure VI.14. Cathode-Caupling FlipFlop. 


A cathode-coupling flip-flop circuit is depicted in Figure VI.14. This is 
an asymmetrical circuit. It differs from symmetrical flip-flop circuits in that 
one plate-grid coupling (from Ls plate to Ly grid) is absent and is replaced /245 
by a cathode coupling formed with the aid af cathode load impedance R. common 


for both triodes. 
The circuit has twe states of stable equilibrium, just like any flip-flop. 


Triode Ls is blanked, just as in a symmetrical circuit, by divider Rye Roe 
output voltage vhen triode Ly is unblanked. Resistance Ro2 is connected to negative 
bias scurce E_ to create distribution of potentials required here. Triode Ly 
is blanked when triade Lo is unblanked due to the voitage l’.:. drop created across 
resistance #, by triode Lo current and is applied with a "minus" to triode Ly 


grid: 
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Ca SC = — LR SEG (VI.29) 


Unblanked triode current flows across resistance &, in any state of stable 
equilibrium, resulting in the fact that negative current feedback is created for 
this triode (the voltage «, drop always is applied with a "minus" also to unblanked 
triode grid). This negative feedback stabilizes the flip-flop d-c operating mode. 


Negative feedback is not active during the reversal stage when both triodes 
are unblanked and resistance R. enters the positive feedback loop, causing an 
avalanche-like changeover process. This is explained by the fact that currents 
of both triodes ‘,=/,.~'.; , which, just like grid potentials, change in opposite 
directions, simultaneously flow across resistance R&, during reversal. Here, 
triode Ly operates like an amplifier with plate output (its input voltage is supplied 
from resistance R, and applied directly between grid and cathode ua:™—ua ), 
while triode Lo operates like a cathode follower (its input voltage is picked 
off divider output and applied between grid and "ground," while output voltage 
for internal processes in the circuit is picked off resistance R, ). Examining 
the triode Lo input network, we may write for an increment of voltages during 
reversal (i. e., not considering fixed bias E_) Auaz=ASuu2-Muor, since Aunn= 
—K;Sua; , where Ky -- arm on triode Ly gain and \ua=—Adgy: , then Sucae= 
Mens (Ki — 1), Since A, >t , then for increment magnitudes, we will get Au,,: 
3 M,, and, consequently, during the reversal process 44,; => iv, ~ Therefore, 
voltage ue changes in the same direction as does cathode follower current iio 
i. e., opposite in phase to current day maintaining its change. Thus, if current 
i 1 rises, then voltage uu, i. e., triode Ly cathode potential, decreases, which 
is equivalent to a rise in this triode's grid potential (ugj=—wu.), and will i 


lead to a further increase in its plate current. 


Symbolically, positive feedback loop action during reversal to both /246 
sides may be depicted in the farm 








thie, *Aloy 

t , (VI .20) 
2 Au, pee FAY : 

: : TOU one 


Self-excitation condition (VI.2a) as usual must be satisfied for the 


avalanche-like process to arise. First arm gain is determined, just as was the 


case for the grounded-grid stage (see Figure 111.10) with output across the divider 


and, based on (III.39), equals 





a (VI.31) 


where A, -- divider transfer constant considering the influence of accelerating 


stcacitor Cy and stray capacitance Css. 


Second arm gain is determined, just as was the case for the stage with plate 
and cathode loads and with cathode output, loaded to grounded-grid stage input 


resistance (Ru=Rerye): 


Ky = ge Ras (VI.32) 


surat Rez ae' | 


where values Kx and su:,are computed from formulas (III.32 and I11.33) for 


the triode Lo stage, vhile Rssac is computed from formula (III.40) for the triode 


Ly stage. 


Divider resistances as usual are selected in accordance with conditions (V1.5) 
and (V1.9). Accelerating capacitor c) plays an identical role and is selected 
from the identicel considerations as vas the case for symmetrical circuits. 


We will accept, just as before, for blanked triode Ly or Lo Pe ae 


(reliable blanking condition), while for unblanked triode lL, i ...= &, >" (grid 
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limiting condition). Then, we may write the following ratios for circuit parameter 


eelection: 

(ite Re Sa eS (VI.33) 
-- triode Ly reliable blanking condition with triode Ls current: 
Goo fF NK, -E.-0 = 'E..'>0 (VI.33a) 


-~ grid limiting condition in triode Lo given blanked triode Ly analogous to the 


second (VI.lla) condition; 


(VI.33b) 


(where Caw FE, HR, Ue 2 1,,R,) (247 
--~ triode Lo reliable blanking condition given unblanked triode Ly analogous to 


the first (VI.lla) condition.* 


Currents qa and 12 in these ratios will be found from tube dynamic 
characteristics plotted considering plate and cathode resistances for each stage 


(see formula III.35). 


From (VI.33a) considering (VI.33), we will get the requisite negative bias 
magnitude: 
E epesee Seal 


s T—k, 


(VI.34) 





*It is mandatory that triode Ly be unblanked when triode Lo is blanked. Actually, 
its arid potential decreases only due to negative feedback by magnitude ~f 9 . 
The voltage may not blank triode Ly since, if that were to occur, then Tat = Q, 


tee » i. @., the reason for its blanking vould disappear, (This concept often 
is formulated in the following vay: "a tube may not blank itself with its oun 
plate current"). Therefore, there is no special condition for triode Ly unblanking 


when triode L, is blanked, in accordance with ratios (V1I.33), (VI.33a), and (VI.33b). 
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It is most convenient to pick cathode-coupling flip-flop output voltage off 
resistance wa..-".;° - Here, connection of load essentially does not affect 
reversal rate since the triode Lo plate network is not included in the positive 


feedback loop (VI.30). 


Triggering a cathode-coupling flip-flop with negative pulses supplied alternately 
to unblanked tube grids is not advantageous since unblanked triode Lo will operate 
like a trigger pulse cathode follower, only decreasing its amplitude. Symmetrical 
triggering to grids with single-polarity pulses (symmetrical triggering to plates 
completely is impossible due to absence of one plate-grid coupling) may not be 
used for this very reason. Therefore, triggering usually occurs with pulses 

tag Of alternating polarity supplied to triode Ly grid (of the amplifier with 
plate output). If triode Ly is blanked, circuit reversal occurs from the first 
positive pulse, unblanking triode Mai if triode Lt is unblanked, then circuit 
reversal occurs from the first negative pulse, unblanking triode Lo (across triode 


Lj). 


i 
i 
i 
; 
i 


Flip-flop valtage curves for this type of triggering are depicted in Figure 
VI.15. Voltage “. (Figure VI.15d), which changes during reversal in phase with 
voltage Ua)? i. e., opposite in phase with voltage Use also may be used as output 
voltage. 


This triggering method sometimes is used to count the number of pulse polarity 
changes. In this event, the flip-flop is reversed only with the first pulse of 
the new polarity and does mot react to subsequent pulses, until their polarity 
changes (these pulses are depicted by the dotted line in Figure VI.15a). 


EXERCISE VI.6 /248 
a) It follows from copmparison of ratios (VI.34) and (VI.13) that a cathode- 


coupling flip-flop requires a lesser negative bias ES magnitude. How do you explain 
this? 








*Resistance R22 is included in the circuit for just that reason. 
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Figure VI.15. Cathode-Coupling Flip-Flop Voltage Curves 
When Triggered By Alternate-Polarity Pulses. 


b) Prove the validity of the voltage u curves depicted in Figure 
VI.15d. (Page 479) 


A cathode-coupling flip-flop may be used also for shaping square pulses from 
output voltage of random form supplied here in the form of "continuous triggering" 


voltaye us to triode Ly grid. 


Flip-flop operation in the square pulse Shap:-'3 mode in the case of sinusoidal 


input voltage is explained in Figure V{.16. When voltage .,,, rises, the circuit 


reverses when this valtage reaches the threshold value at which triode Ly unblanks: 
fe, aly - Ew (point 1 in Figure VI.16). When voltage . .. decreases, the 


circuit reverses when this voltage reaches the threshold value at which triode 


Lo unblanks: fms: "Ly (point 2 in Figure VI.16). Gutput 


voltage +e Pises with a jump to magnitude ES au the moment triode Ly unblanks 


Since triode Ls blanks and decreases with a jump to magnitude 


. pony 
f yO ON . 
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Figure VI.16. Cathode-Coupling Flip-Flop Voltage Curves 
in the Shaping Mode ("Continucus Triggering"). 


at the moment triode Ls unblanks. This voltage does not change during the /249 


intervals between reversal moments. 


EXERCISE VI.7 


a) Redraw the Figure VI.16 voltage curves and add voltage Uy and wu curves 


to them. 


(b) Why is a cathode-coupling flip-flop rather than a symmetrical flip-flop 
used for shaning square pulses from random-shape continuous voltage? (Page 480) 


§ 3. MONOSTABLE MULTIVIBRATORS 
1. Cathode-Coupling Monostable Multivibrator 


A cathode-coupling monostable multivibrator circuit is depicted in Figure 
VI.17. This circuit differs from a cathode-coupling flip-flop circuit (Figure 
VI.14) primarily by the type of coupling between triode Ly plate and triode L, 
grid. This coupling in the flip-flop was potentiometric and accomplished across 
divider Ris Ro for both dec (in stable equilibrium states) and for a-c (in reversal 
stages); accelerating capacitor c, here played a supplementary role. This coupling 
in a mulitvibrator is accomplished across network CRs i. e., it is a capacitance 
coupling and therefore acts only on a-c; here, capacitor Cy in principle is /250 
a mandatory circuit element. In addition, there is no outside negative bias source 


E. in a multivibrator. 





7 ee aS 


es 





Figure VI.17.  Cathode-fupling Monostable Multivibrator. 


These two circuit differences will lead to t. “act that only one equilibrium 
state in a monostable multivibrator remains stable, e., it may last as long 
as is convenient: when triode Lo is unblanked, triode Lis just as in a cathode- 
coupling flip-flop, is maintained in the blanked state due to the voltage drop 
across common cathode resistance &, due to flow of triode Lo current across it. 
The other equilibrium state when triode Ly is unblanked and triode Lo is blanked 
may not be stable since, due to capacitor Cy disruption of the dc plate-grid 
coupling and absence of bias source Ey the fixed cause for triode L, blanking 
when triode Ly unblanks is eliminated (fixed divider output voltage Oper Eg: 
where wi =C'jyy iS the cause in a cathede-coupling flip-flop). 


As can be seen from the circuit, triode Ls may be blanked only hy capacitor 
C, discharging current across unblanked triode Ly and resistance Ra2 since only 
this current creates a voltage tga2 drop applied with a "minus" across resistance 
R 2 to triode 7) grid. But, capacitor discharging current may exist only for 
a limited time. Therefore, the second equilibrium state is quasistable (temporarily 
stable), while capacitor Cc) whose discharge rate determines how long the circuit 


remains in this state, is called the timing capacitor. 
Circuit parameters usually satisfy inequalities: 
RyRy > Rar >Re Re P Ru 


where R ol -- unblanked triode Ly internal d-c resistance. 
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Thus, prior to triggering, a monostable multivibrator wili be in the single 
possible state of stabie equilibrium (triode Ls unblanked, triode Lo blanked). 
It reverses due to trigger pulse stimulus -- it cenverts with a jump to a state 
of quasistable equilibrium, after a period of time reverting from this state with 


rr ea nek 


a jump, but now spontaneously, stimulated by internal forces. 


The identical positive feedback loop (111.39) sound in a cathode~coupling 
flip-flop is active in the circuit during the reversal stages. As usual, self- 
excitation condition (VI.2a) must be satisfied in order for the reversal processes 


to have an avalanche-like nature: K,Ki:>1 


PR re 


First stage gain is determined, as was the case in the cathode-coupling 
flip-flop, from formula (1V.73) for a grounded-grid amplifier anu, considering 
that changes in voltage Woy in a multivibrator are transmitted completely across 
capacitos c, to triode Ls grid, equals 


kate Hen gt, 
. : ee (VI.35) 


Second stage output voltaae, as opposed to a cathode~coupling flip-flop, /251 fi 
is applied, not between grid and "ground." but between gric and triode Ly cathoae, 
Therefore, its gain is determined, as was the case for the stage with plate and 
cathode loads and cathode output without feedback (see Figure II1.9) loaded to 


input resistance of the groundedgrid stage: 


. AAR. F 
A = & a < . 
u Rowen t Mex c 


(VI.36) 


vhere x, is computed from formula (111.37), Rersc—0 == from formula (J1I.40), 


5 eee ened 
our. e Roi + Riz Ra : 


and BR 


ee a ee meee a 


ES 


Voltage curves for a cathode-coupling monostable multivibrator without 


considering stray capacitances is depicted in Figure VI.18. We will examine the 
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Figure VI.18. Cathode-Coupling Monostable Multivibrator 
Voltage Curves. 


circuit operating cycle. Here, ve will keep in mind that, in accordance with 


Kirchhoff's second law, 


ans= 4am oat ~ iy 


or 5 
to Saya (il ge: + u,). 


(V1I.37) 


Initial state (¢<t)., in the initial stable state, there are no transient 
processes in the circuit. Therefore, capacitor Cy current and voltage drop 
Ug2sic-24, equal zero and triode Lo is unblanked. This triode'’s plate current, 


entree sweat tte tama Sen eee ce 
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flowing across resistance x, , creates a voltage change in it applied with a 


"minus" to triode by grid. Here, condition (VI.29) must be satisfied: Cy =—U= 
Ra SL gn » is e@., triode Ly is blanked. Unblanked triode Lo 
is minimal and equals U.zsm2Fe—/42R.:, that of blanked triode Ly is maximum and 


plate voltage 


equals U,ware=E,, vhile capacitor cy is charged to a voltage, in accordance with 
(VI.37), equalling 


fo wave = Yar wane — Og: — Ue = Ea — Oe: (VI.38) 


C waxe 


and applied with a "plus" to triode Ly plate. The circuit "awaits" the arrival 


of the trigger pulse in this state as long as necesary. 


Triggering and reversal. A positive trigger pulse is supplied at moment 
t' across transient network C,R,, to triode Ly grid. [ts amplitude must be 
sufficient to unblank triode L): Una>Ui—-Eg, « Positive feedback loop (VI.30) 
closes when triode Ly current appears and an avalanche-like circuit reversal occurs. 
As a result, triode Ly unblanks completely, while triode Ls is blanked reliably. 


Here, voltages ‘4... wa, ug; with a jump decrease, respectively, to values L'a; um. = 
Ey ml Ra ty HU eli Re < Un (see Exercise V1.6) and  Lip.suan > While voltages 
U2 and wen yith a jump increase, respectively, to values U,.,,...=&, and 

C gat ware =~ Un . 


Voltage Cee may be found from the following simple circumstances. At /252 
the moment of reversal, a negative voltage «.-. step, equalling the difference 
of the negative steps of voltages Us) and ws, , is transmitted completely across 


capacitor Cy to triode Lo grid. Since ug2=0 prior to triggering, then 


Ugg OM = AU, = AUG, - (ACD) 
or, since 
a. S/R, SCO HU Ly — 1) By, 
then 
Coie oun La Rant (Lar Lat) Re: (v1.39) 
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The following condition must be satisfied for triode Lo blanking /253 


© som BE giis (VI.39a) 
‘ which is insured due to sufficiently-high resistance R,,->R, magnitude. 


Quasistable state (<'<t"’), Capacitor Cc) discharge begins across unblanked 
triode Ly and resistance Ra2? as well as across resistance Rav source cS internal 
resistance, and resistances ® and R 2 in connection with the triode Ly plate 


voltage decrease at the moment of reversal. Thus, equivalent resistance in the 


: : : . F. tRy + Red : 
discharging network will equal Ry p»w=Rp t+ BTR ky OF, Since Rik. , 


then 2, o..9= Ay + Capacitor jj, discharging current decreases in accordance 


t 
with the law of exponents ip= le. asp» Where I, -= initial (amplitude) value 
of this current, considering the oppesite action of voltages uci and uga, 2 ugi— ur 


and ratio (VI.37), equalling 


aet o = 
4, ns Ry. paip Pe Ry, pasp 
wm far Ray = tI g2 = Lor) Re (VI.40) 


£2 


while 


Spare = CRs, psp = CRe. (VI.41) 


The voltage drop across resistance Rg2 applied with a "minus" to triode Lo 


grid changes in accordance with the same law: 


t t 


Up mami == / e *7099 oe L’ xe *pasp . 
| g8? Ra He ca (vt a3 


where value Us: dine 1 Ris already was determined beforehand by ratio (VI.39) and 
now also may be obtained directly by considering (VI.40). 


During the capacitor Cc, discharge process, the voltage in it gradually decreases, 


striving towards infinity to value ().,= CU ,, =U ively, 5 while voltage 
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uaz increases gradually, stiving towards the zero level (where i,=0 u..:=0 ). 


However, as long as this voltage remains less than cutoff voltage ». -. Es ’ 
triode Ly remains blanked (u.2 = Es while triode Ly remains unblanked. Since 
Ry PR, then 6! and the influence of curreni ., on voltage Yad is 


immaterial. Therefore, 4, =p .g,s const « 


Counter reversal. At moment t" when voltage uy: , rising, equates to cutoff 
voltage £ 02? triode Lo unblanks, again closing positive feedback lnop (VI.30) 
and an avalanche-like circuit reversal in the opposite direction occurs. Here, 
triode Lo unblanks completely, triode Ly is blanked by voltage «:=..;%, drop, 
voltages Usp? “aaz and u, ancrease with a jump, while voltages u.., and /254 
us decrease. At moment t", capacitor c, turns out to be discharged to a voltage 


in accordance with (VI.37) equalling 
wan = Un: —{ of se, Ty Ras a WR a Fes . (VI.43) 


At that moment, in connection with the increase in voltage ay? capacitor 
Cy begins to charge through network: +f.) resistance Raw capacitor Ci equivalent 
resistance ./,#,., between triode grid and cathode, resistance FP: , ee (chassis). 
Capacitor 1, charging current reduces triode Ly plate potential by magnitude 
o&,, » increases cathode potential by magnitude 1,8, , and increases tricde Lo 
grid potential relative to cathode by magnitude i,R»:. Equivalent resistance 
Nya in the final derivative may be replaced by grid--cathode path resistance 
reas since, where  uy2>0 , grid current occurs in triode Los in @., or ER, 


and 


vr ak, = 
R.,) = —_~—_- =r,” 
cer ren > Re: ” (VI.44) 


Since charging current at moment t" equals its maximum value / , then the 


magnitudes of positive valtage steps Uspr Ma Were 9 respectively, equal 





“Consequently, capacitor C, charging occurs with triode Lo grid current, i. 
Coy oe eg e 
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at", =/ R : —1R..; Mv’; =(.,—1,,) Ry + Ry 








pee ; (VI.45) 
al a =! Sa Ean, 
where, considering (VI.43) 
pez bye an a Ot: VaiKas — as = Fy) Re! Eee] 
TR let he Ry? R : 
2 ee 2 ns gta > Me (VI.46) 


Negative voltage um, step equals AL),,=—iU,, while negative voltage Us9 
step obtained is greater than at moment t', since voltage sg. vill exceed the 


zero level by magnitude /.v..; . 


Recovery (t>f) . Capacitor c) charging current, having arisen at moment 
t", decreases by the 1. * of exponents 


where 
to SCAR, Hg ~ Ry) HOR (VI.47) 
-- charging network time constant (Ratta2Z Ru). 


Therefore, voltages . . u-. wy and « | gradually rise after circuit counter 
reversal, while voltages ug. and decay to their initial values with time 
constant - . The duration of capacitor cy charging determines circuat /255 
recovery time (without considering stray capacitances) and essentially equals 


VI.48 
ioe Re vee 


Thus, pulses of negative polarity are shaped at triode Ly plate and resistance 
P , while those of positive polarity are shaped at Lo plate after triggering. 
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The best pulse shape results at triode Lo plate since a coupling capacitor is 

not connected to this plate. In addition, this triode's plate network, just as 

vas the case in a cathode-coupling flip-flop, is not included in the positive 
feedback loop and, consequently, connection of load here essentially will not 
impact upon the reversal rate. Therefore, circuit output voltage usually is picked 


off triode Ls plate. 


Output pulse duration equals the length of time the circuit remains in the 
quasistable state. This is determined to be the time in which negative voltage 
4; Tises (decreases in absolute value) from value (), _,, to value E502 during 


which triode Ls unblanks. Equatinguy2@Fy., t=2,in ratio (VI.42), ve will write 


Se 





el" perp 
Emal e . 


et, wae 


Taking the logarithm of this expression, we will get +,=7,.iIn-— — 
« 
whereby, in accordance with (VI.39) and (VI.41) | 


inf fe R ; 
te =CR, In ta Rae rae Se, (VI.49) 


Essentially, resistance R_. usually controls pulse duration. 


g2 
EXERCISE Vi.8 


a) What will be the result of non-satisfaction of condition (VI.39a) 


eas wees Een 2 


b) What will be the result of triggering a cathode-coupling monostable 
multivibrator with pulses having repetition period 7,,... satisfying inequality 
te<Tiea<ta~t.e ? Oray the curves of voltages sis. wer. 402 and Ua} for two or three 


repetition periods [y.. 


c) What will be the result of non-satisfaction of condition (VI.29) ty. 
la: Ne D> &;: if lg: = E ga: 


Dray the curves of voltages ua. and ua: in the circuit for this instance. 
(Page 480) 
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2. Cathode-Coupling Retarding-Field Monostable Multivibrator 





Figure VI.19. Cathode-Coupling Retarding-F ield 
Monostable Multivibrator. 


A cathode-coupling retarding-field monostable multivibrator circuit is depicted 
in Figure VI.19. This circuit differs from the cathode-coupling monostable multi- 
vibrator examined above (Figure VI.17) since triode Ly grid is connected across 
large resistance Ro2 to plate voltage +, source bus rather than to cathode. 
Therefore, it is referred to as a circuit "with a positive grid."* In addition, 
voltage divider Ris Ro» from which constant bias voltage £,, positive reiative 
to "ground" is supplied to triode Ly grid, is present in the circuit under 
examination. However, this second difference is not considered a principal one, 


since the identical divider may be connected to the Figure VI.17 circuit as vell. 


A cathode-coupling retarding-field monostable multivibrator in principle 
operates just like a cathode-coupling "“zero"-grid monostable multivibrator so 
the voltage curves in its characteristic points are similar to the Figure VI.18 


curves. 


Positive bias £,, magnitude is selected From condition 





*It would be more precise to say with positive bias in grid. From the Figure 
VI.17 circuit point of view, it may be referred to as a cathode-coupling "zero"-grid 
manostable multivibrator. 
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eux Cy =liRe, (VI.50) 


during satisfaction of which voltage between unblanked triode ty grid and cathode 
remains negative (Ug, ~=Eee—Us,<0), i. @., insures that it operates without 


grid currents.* We will examine the special features of circuit operation stipulated 


by the presence of triode Ls positive grid. 


| Triode Lo must be unblanked in the initial stable state, when no transient 
processes occur in the circuit, since the potential of its grid connected to the 

+t bus exceeds cathode potential. 8ut, grid current Iu2 Flows here through network 

+t resistance Roa? grid--cathode path, resistance &, , and chassis (-E.). 

Resistance Roz is on the order of 1 megohm, i. e., Rycery.- Therefore, almost 

the entire voltage drop caused by current 132 in this network occurs across resistance 

Ree and triode Ls positive grid potential relative to cathode essentially turns 

out to equal zero (U'gng=0) .** 


In other words, triode Lo in the initial state operates in the grid limiting 
mode (see Chapter V, § 3). Triode ly in spite of positive bias £,, applied /257 
to its grid from the divider, must be blanked, just as was the case in the previous 
circuit, due ta the voltage drop across resistance R, : 


Un = (1,3 + I) R, zak gr<l,3) 


For this, circuit parameters are selected so that, in accordance with condition 
(V1.50) and instead of condition (V1.29), the following condition will be satisfied 


. j (VI.51) 
lym Fa > Egat. 


Since u,,=&,, while Ugaeu » then capacitor Cy as usual is charged to maximum 








*Therefcre, in spite of the presence of divider Ry» Ro» only the triode Lo 


gtid is referred to as "positive." 
*“Voltage Usa comprises several tenths of a volt when magnitude 


E, = 200 + 300 Vv. 
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value equal, in accordance with (VI.38), Ucwane™E,—U,; and applied with a "plus" 
to triode Ly plate. 


Triggering and reversal occur exactly as was the case in a cathode-coupling 
monostable multivibrator. As a result, triode L, unblanks and triode L, blanks. 
Triode lL grid voltage decreases with a jump to a value, in accordance with (VI.39) 


and (VI.39a), as usual equalling 


Oper uns = Ra + 
+ a2 Las) Ry SE gn. (VI.51a) 





Figure VI.20. Capacitor Cy Recharging Network. 


The nature of processes in the quasistable state, compared with the previous 
circuit, changes only due to connection of triode Lo grid, i. e., the "right" 
capacitor cy plate, to the +, bus, Capacitor c) connected in that manner after 
triggering will strive already not to discharge, but to recharge itself to voltage 
of opposice polarity. The capacitor c recharging circuit is depicted separately 
in Figure VI.20. Recharging current i, flows from the "plus" capacitor plate 
to its "minus" plate along two parallel branches, i. @., it branches into two 


o 


currents /, and & . Current # flows across resistances R,, and Rg2? while 
current #° flows across unblanked triode Lis resistance K,, plate voltage 
source Ey and resistance E G2" Full recharging current flows across resistance 
Rg2 and creates a voltage isa drop in it applied as a "minus" to triode Lo 


grid. Triode Lo also is maintained in a blanked state due to this voltage drop. 
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The capacitor during the recharge process will strive to recharge itself 
to voltage Uc. =—(E,— Ua, aan) @ — (Fa — Fat la Rat) = —laRai<0 , while voltage 


4a2 will strive to rise ta positive value 
Unga Ee Un = Eg — Lavy > 9%. (V1.52) 


Hovever, when this voltage, rising, equates to cutoff voltage /258 
E502? triode Ls unblanks and the circuit returns to the initial state. The processes 
of counter reversal and subsequent circuit recovery occur in a manner identical 


to that for a cathade-coupling monostable multivibrator. 


Ygtg f Yon Fa~ la, 2n 
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Figure VI.21. Triode Lo Grid Voltage Law of Change. 


The curve af voltage ug, for a complete retarding-field tonostable multivibrator 
operating cycle is depicted by the solid line in Figure VI.21. The law of change 
for this voltage in the quasistable state is the initial sector of an exponential 
curve caused by the capacitor C) recharge process (dotted curve 1). The law of 
change for voltage uaz in a circuit with a "zero" grid stipulated by the capacitor 
C, discharge process is there as well for comparison (dotted line 2). Here, values 
(acs, and % are accepted as being equal in both cases for the purposes of clarity. 
Recharge exponential curve 1 intersects level E502 at a larger angie than does 
discharge exponential curve 2. As a result of this, pulse duration °. shaped 
by the retarding-field circuit, will change to a lesser degree than in a zero-grid 
circuit as a result of this, given changes in supply voltages or tube parameters. 
Actually, for example, if triode L, cutoff voltage decreases by magnitude aE 52? 
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as depicted in Figure VI.21, then a retarding-field circuit counter reversal will 
occur at the moment determined by point 1'. This will occur in a "zero"-grid 
circuit at the moment determined by point 2'. The pulse duration increment in 
the first instance will be significantly less than in the second: \:. -7Ata2 . 
Thus, a retarding-field circuit has increased pulse duration stability and this 


is its main advantage. 


Another advantage of the retarding-field circuit is the essentially /259 
linear relationship of pulse duration t, to bias voltage £,,. We will introduce 
a formula for pulse duration initially in order to demonstrate this. 


In accordance with (XI.10), the law of vollage u,.: change corresponding 
to recharge exponential curve 1 in Figure V1.21 may be written 


(VI.53) 


where ‘rep -- canacitor Cc) recharge time constant. This time constant will be 
found easily from examination of the Figure VI.20 recharging network. Recharging 
current flows across resistance R 2 and two parallel branches -- resistance Ral 
and triode Ly with resistance R,. The secund branch is a current-stabilizing 
one-port with negative feedback, whose resistance in accordance with (III.74) 


Ry IRy ttl + a Wel 


oO considerin 
Ryn rt Ri rile pike | a OEs fon 


equals Ry (len)R,. Therefore wp. =C, Ret 
Ra {Ru Hit + ad Ra} 
that Reem Ra> Rat + Ru til tp) Re ’ 


zaep = CiRe: (VI.54) 


To find pulse duration, one must use (¢=f, in expression (VI.53), while 
uea@E yy. Then ve will get 


Sect 


Eun = (Uygur oT Usne!® ae + Use 


or 


"a 


e'teP ae 


Cyate Pu Up: wae 
—_—_—_——e 
Cpe — Eg 
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As is evident from Figure VI.21, only the initial linear sector of recharge 
exponential curve 1 corresponds to the quasistable state. But, given that the 
condition whereby the exponential curve initial sector is used ( te Kthep or 

‘« 21 ), the latter equality may be rewritten as 


Tnep 
fe Cae = U ger ann ° 
thep Cpe = Egos 
hence 
fee Epo Ug: wan 
a “nep Cae — Epa ‘ 
Substituting expressions for Ugaryas from (V1.39), Cie. from /260 


(VI.52), and <nep From (VI.54) in the latter equality, we will get 


Iq, (Rar + Ra) — loa + Ege: 
bam lake — Egor . 


/i= C.Rp 
Considering that Fa |/aiRy + F,,)( Ea laiRe E,>lEp| and terms /.,R, and 
E G0 have different signs) in the denominator of this expression, finally we will 
get 


Ia(Ras + Ra) — lak, 
ty CR y eA la Fo (v1.55) 


Consequently, pulse duration ¢, linearly will depend on current Iai flowing 
across triode Ly in the quasistable state. But, the magnitude of this current 
in turn linearly will depend on the magnitude of bias £,,. This is explained 
in Figure VI.22, where current 1s) values (13, > M5: > la) are found from the triode 
dynamic characteristic and feedback line for three values &,,(Ej,>&,,>&,,) . 
It goes without saying that this linear relationship will take place during E£,, 
changes only within those limits in which the operating point remains in the dynamic 
characteristic linear sector. Thus, when the aforementioned condition is satisfied, 
pulse duration ‘s linearly will depend on bias £,, magnitude. 





*When 2<€1 ewxl+e. 
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Figure VI.22. For Explanation of Current I l 
to Bias &, Magnitude® 


Linear Relationship 





Figure VI.23. Magnitude fC. Control in a Cathode-Coupling 
Retarding-F ield Monostable Nultivibrator. 





Syeda teeth coe tty ae a: 
vA G 
alle. sibs ae ot aeO eere -8 


ya hh str rn ile femettees 


Therefore. a cathode-coupling retarcing-field monostable multivibrator may 
be used for pulse duration linear modulatio:: with voitage Fs: , i. @., as a linear 
pulse stretcher. Voltage £,, in this instance is controlled using the circuit 
depicted in Figure VI.235 (pulse duration linearly will depend on the magnitude 
of Ro contact arm displacement) or is supplied by the previous (control) stage. 


EXERCISE VI.9 


a) Oray voltage u.: curves for three voltage £., values corresponding to 
Figure VI.22 and use these curves to explain the relationship of pulse duration 


sa to voltage &s: magnitude. 


b) Can pulse durataiion be controlled by voltage f.: (see Figure VI.23) 
in a cathode-coupling "zero"-grid monostable multivibrator? 


c) Indicate possible methods of converting a cathode-coupling retarding-field 


‘aston: smemmemamnennanedaes 


monostable multivibrator to the free-running mode. (Page 482) 


3. Monostable Multivibrator Triggering and Forced Cutoff 


vm 


The simplest circuits for triggering monostable multivibrators with positive 
pulses vere depicted in Figures VI.17 and VI.19. In practice, triggering of 
monostable multivibrators, as was the case with flip-flops, usually occurs across 
trigger tubes with negative pulses using a normally-unblanked triode. 


an tanaadthede 4 mttaer 


A typical circuit for triggering a mnonostable mu'tivibrator across trigger 
diode DO :s depicted in Figure VI.24a, while one in which triggering occurs across 
trigger triode Ly is depicted in Figure VI.24b. The circuits depict cathode-coupling 


—— 


retarding-fieid monostable multivibrators assembled on dual triodes, while the 
dotted line depicts cutoff networks, which wil] be examined belov. In the first 
circurt, a trigger pulse of negative polarity is supplied across transient network 
C,.R; to diode D cathode. In the second circuit, a trigger pulse of positive 
polarity is supplied across transient network C,,R; to grid of triode Ls, normal ly 


— gw, we 


oak Se esha 


blanked by negative bias E_. Both circuits are analogous to the corresponding 
tiip-flop asymmetrical trigger circuits to plates (Figure VI.1lCb, c) with tle 
single difference that only that part of the flip-flno trigger circuit connected 


ory 
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Figure VI.24. Typical Circuits for Monostable Nultivibrator 
Triggering and Forced Cutoff. 


to plate of normally-blanked triode Ly is used to trigger a multivibrator, In 


both cases, as the trigger pulse acts upon this plate, a temporary negative pulse 


arises due to trigger tube current. This pulse is transmitted across capacitor 


Cc, to grid of normally-unblanked triode Lo. 


the voltage drop across resistance Ry (uswia3Ra), i. @., triode Ly 
unblanks, which also causes a circuit reversal. 


reducing its plate current. Here, /262 
cathode potential, 


decreases. As a result, triode Ly 
During the reversal process and still prior to its conclusion, diode D or triode 
Ls blank in connection with a rapid reduction in triode Ly plate and are cut out 


from the trigger pulse generatcr multivibrator. 


As is already known, monostable multivibrator counter reversal to the initial 
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stable state occurs spontaneously when negative grid voltage of triode Le unblanked 

in the quasistable state, rising, reaches cutoff voltage. Here, the moment of 
counter reversal and, consequently, curation of the pulse shaped by the multivibrator, 
wili depend on circuit parameters and supply voltage magnitudes, which may change 
during the operating process. Therefore, in some instances, stability of the 

shaped pulse duration turns out to be insufficient even when a retarding-field 


circuit optimum for this situation is used, 


Synchronization of the moment of counter reversal by an extemal pulse, which 
will arrive after a certain period of time following the trigger pulse and which 
causes forced circuit counter reversal, is brought about in order to have strict 
shaped pulse duraticn stabilization. Forced counter reversal is referred to as 
multiviorator forced cutoff (or simply cutoff) and the external pulse causing 
this reversal is referred to as a cutoff pulse. It is evident that a cutoff pulse 
must act mandatorily on a circuit somewhat befere it spontaneously returrs to 
the initial state, i. e., the moment of forced counter reversal must precede the 
moment of natural circuit counter reversal. Here, forced shaped pulse /263 
duration ‘ty, will be determined exclusively by the time interval between trigger 
pulse and cutoff pulse and will be correspondingly less than the real duration 
of pulse to, generated without forced cutoff (ts<two) 


Cutoff pulses usually are of negative polarity ard, as depicted in Figure 
VI.24a, b, are supplied across transient capacitor C,. to grid of triode Ly unblanked 
after triggering. An amplified positive pulse arises in this triode plate network 
due to cutoff pulse action and is transmitted across coupling capacitor C, to 
grid of trinde lL, blanked in the quasistable state. Triode Lo unblanks if this 
pulse is of sufficient amplitude and a forced reversal of the circuit to the stable 


state occurs. 


The forced cutnff mechanism is explained in Figure VI.25, where it is accepted 
for simplicity that, following triggering that occurred at moment ty» voltage 
Ugg Tises by a linear law. Without a forced cutoff, the circuit would revert 
to the initial state at moment tes having shaped a pulse with duration tm . 
Under the stimulus of the cutoff pulse, the circuit returns to the stable state 
earlier (at moment ty), shaping a pulse of duration ‘ms. Here, minimum cutoff 
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Figure VI.25. fMonostable Multivibrator Forced Cutoff. 


pulse amplitude Ucp wm must insure an increase in voltage uga2 under the stimulus 


of this pulse to the level of cutoff voltage E B02" 


If a cutoff pulse of identical amplitude arrived even earlier (at moment 
to)s when voltage u,.. still had not risen sufficiently, then triode Lo would remain 
blanked, i. e., no forced circuit reversal would occur. If, on the other hand, 
the cutoff pulse arrived later (at moment ty). then its amplitude may be decreased 
accordingly but, since voltage Uga2 by this moment already has almost reached cutoff 
voltage, forced cutoff reliability would be reduced (given a slight stray rise 
in cutoff voltage magiitude, the circuit may reverse spontaneously). 


One muy obtain the expression linking requisite cutoff pulse amplitude 
U., at triode Lo grid with the given pulse duration and circuit parameters /264 
cosily by using Figure VI.25. Actually, due to the similarity of triangles 
AbCand a6C , we have 


Usa wan — Eyer eas Uep mun 


bus to — lap’ 


hence 


tye = t 


Ger, ues = = ne (Uya2 wee — Ewa) 
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or 


Usp > (1 ~ 3%) (Opava — Ege): (V1.56) 


s 
2 
Usually, a ratio -** om the order of 0.5 + 0.7 is selected. 
~ 


EXERCISE V1.10 


Under what conditions should you use a forced-cutoff monostable multivibrator 
rather than an asymmetrically-triggered flip-flop to shape pulses of a given 


duration? (Page 483) 


§ 4. MULTIVIBRATORS IN THE FREE-~RUNNING MODE 


l. Basic Multivibrator Circuit 


Examining the cathode-coupling monostable multivibrator circuits, we sav 
that any of them may transfer to the free-running mode if the condition for blanking 
triode L, in the stable state is disrupted by triode Ls plate current (see Exercise 
VI.8c, VI.9c). Here, however, the processes of charging and discharging (for 
circuits with a retarding field -- recharging) of one and the same capacitor Cys 
which flow with materially different time constants ‘pup, vill determine 
how long the circuit remains bath in one and then in the other quasistable state, 
This will constrain the range of possible values for generated pulse duty ratio. 


Therefore, a multivibrator with two plate-grid couplings usually is used 
for operations in the free-running mode, A circuit for such a multivibrator is 
depicted in Figure V1.26 and is referred to as a basic multivibrator circuit. 
If all the parameters of its arms are identical, i. e., identical tubes and 
1? Co, Rot = Roa? then it is referred to as a symmetrical circuit. 


We will compare the basic multivibrator circuit with a symmetrical flip-flop 
circuit (Figure VI.15a). In the flip-flop, the plate coupling of each triode 
with the grid of the other triode is accomplished across voltage dividers Rie 


Roe and Ro» Ro i. e., both for the dc and a-c component. This coupling in 
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Figure VI.26. Multivibrator With Tyo Plate-Grid Couplings 
in the Free-Running Mode (Basic Circuit;. 


the multivibrator is accomplished across R-C networks C Ro and CORO i. @., 


only for the a-c component. In addition, an outside negative bias E source is 
absent in the multivibrator. Therefore, first, in a multivibrator as opposed 
to the flip-flop, plate voltage jumps across capacitors Cy and co are transmitted 


completely to grids:* 
= Ay =U yg, FU Q = = AU, (VI.57) 
and, second, and especially important, there are no reasons for fixed triode blanking. 


The latter circumstance leads to the fact that both flip-flof stable equilibrium 
states are replaced in the multivibrator by temporary stable (quasistable) states. 


Actually, the voltage drop across resistance Rg applied with a "minus" to 
triode grid, i. e., arising during the flow through it of current in the "from 


below upwards" direction may be the only reason for blanking of any triode in 


abasic multivibrator circuit. But, only the discharging current connecting 


the coupling capacitor across the other (unblanked) triode to the grid of this 


triode mey play the role of such current. Since capacitor discharging current 


decays over time by the law of -xponents, then each triode may be dlanked only 
for a limited time from the moment the other triode unblanks (the given capacitor 


will begin to discharge). 





*Capacitor Cc, and Cc, voltages do not succeed in changing at time of reversal. 
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Thus, the rate of capacitor cy discharge will determine how long the circvit 
remains in one quasistable state (triods L, unblanked, triode L, blanked), while 
the rate of capacitor c, discharge will determine how long it remains in the second 
state (triode Ly blanked, triode Lo unblanked). Therefore, buth capacitors are 
circuit timing (time-supplying) elements. That state in which both triodes are 
unvianked, for toth a multivibrator end flip-flop, is a state of unstable equilibrium 
from vhich the circuit will convert with a jump to one of the quasistable states 
when self-excitation conditions are satisfied. The action of the positive feedback 
leop when triodes are unblanked is analogous to a flip-flop and corresponds to 
the symbolic rendition (V1.4). The self-excitation conditions undergo somewhat 


of a change in connection with the change in plate-grid coupling type. 


First off, capacitors c, and Cc, connected to these couplings in series /266 
cause additional voltage phase shifts during their transmission from the plate 
of one triode to the grid of the other, resulting in the possibility of disruption 
of the phase self-excitation condition (VI.2) (we will recall that requisite phase 
shifts in the circuit are insured by the difference in phase of each triode's 


plate and grid voltages). 


It is evident that capacitors cy and co will exert the greatest influence 
an passage of the low-frequency harmonics of the spectrum of pulses generated 
by the circuit. Considering the spectral content of a periodic video pulse train 
(see Attachment 1), it is necessary that additional phase shifts be slight, even 
for the spectrum's first harmonic, whose frequency equals pulse repetition frequency 


2, 22F = . It follows from this that the phase self-excitation condition 
will lead to the requirement 


2>— or 2 o>, (VI.58) 


ox 
where 2, ~=- least of the grid network time constants equalling CyRo2 or COR 


In other words, it is necessary that these networks be transient rather than 


differentiating for all pulse spectrum harmonics, including the first harmonic. 


Now ve will switch to the amplitude self-excitation condition (VI.2a). The 
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circuit under examination includes two amplifying stages with plate loads, each 
of which during a reversal (for rapid us changes) is shunted across the ccupling 
capac iter connected to it by resistance R,, between the other tube's grid and 
cathcde (by the input resistance of the other stage). Therefore, based upon 
(111.49) and considering ratio (VI.57), we will get 


[Kyl = gg eee: [Kal = gottge 
od ar + Ry, at Rear’ a) Rat Ris Raat Rye ' 


vhere the second multiplier in each expression is stage load equivalent impedance. 


lt should be considered in each of these formulas that, due to the result 
of the electrical valve-like properties of each tube’s grid--cathode path, its 
resistance Rg and, consequently, the other tube'’s gain as the circuit operates, 
radically change in magnitude. Actually, when the circuit reverses in one direction 
(ty unblanks, Lo blanks), voltage ug, rises with a jump and will become positive, 
while voltage ug: decreases and will become negative; the reverse is true when 
the circuit reverses in the other direction. But, when 4%a>O , grid current 
appears in the tube and, as a result of slight grid--cathode conducting path 
resistence race, » ve get Reawra . When ua<0 , tube grid current is absent 
and PyaR,. Therefore, for circuit reversal in one direction (Ly unblanks, 


Lo blarks), self-excitation condition (VI.2a) must be written in the form /267 
[ B, ; Ra Re: if a: . Raster: 1 
Ras + Ru Ra + Rye i, Res + Ry Ree + Pen, >}. (VI.59) 


But, since R,>R, ra ZR» then the expressions for stage load equivalent 
Rake ae ‘ ReS gu 
impedances are simplified, i. e., Ra Re Rai Rattan: e+ «Also con- 


sidering that ratio (VI.59) must be supplemented by the analogous ratio for circuit 
reversal in the opposite direction, finally ve will get 


(VI.60) 


@-Ra, ¥S ge: ‘OP ees 


: : Ra: 
Ror + Ri Res + Ra ak Ra t Ri Rar m Re mh 
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or, for a symmetrical circuit 


(a) =a, = 4, R= R,,-=Ry R= 


HR, Fa 0 gat = Te) 


(VI.60a) 





Figure VI.27. Voltage Curves in a Symmetrical Basic 
Multivibrator Circuit. (g) -- Charge; (h) — Discharge. 


Voltage curves in multivibrator characteristic points without considering 


stray capacitances for a symmetrical circuit are depicted in Figure VI.27. We 
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will examine circuit operation, beginning with moment t when, as a result of 
positive feedback loop action, triode =) blanked and triode Lo unblanked, 


At that moment, triode Ly plate current rises with a jump, in connection 
with which capacitor Cc, begins to charge. Mearwhile, triode Lo plate voltage 
decreases vith a jump, in connectiun with which capacitor C, begins to discharge. 





él) 


Figure VI.28, Equivalent Circuits for Capacitor C, Charge (a) 
and Capacitor Cy Discharge (b). 


€quivalent circuits for capacitor C, charge and co discharge are depicted 
in Figure VI.28. Capacitor Cc) charging current is flows through network +e 
resistance Roy? capacitor Cys parallel-connected resistances Roa and ‘a2 (equivalent 
resistance Ras ), chassis (-E,). Capacitor Co discharging current i,, flows 
through network capacitor Cc, ("plus" plate), parallel-cornnected resistances R02 
(triode L, internal d-c resistance) and Rao resistance Row capacitor cy ("minus" 
plate). 


If you disregard capacitor Cc, charge, then the voltage U2 negative step 


transmitted at moment t) across capacitor Cc, to triode ly grid will equal (see 
Figure VI.27a, d) 


= Wg — Wy @ I Ra = — lb Re, (VI.61) 


where 1,2 -- triode Ls plate current magnitude when Ug? = 9; 
ly, 7+ capacitor c, discharging currer.c amplitude. 
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Here, voltage U2 will decrease to value 


O43 wen = Eg — ati (V1I.62) 


while voltage Ug) will decrease to value Uy , which must insure reliable /269 


triode L, blanking: 


1 


Cn wa = ~ Wy, =~ 1 Ra<Eg (VI.63) 


Voltage Us} must rise with a jump by magnitude Toray where Ta -~- triode 


Ly plate current magnitude when Yon = 0, and reach value U4, wanc=£a 


However, in accordance with VI.28a, capacitor C, charging current, flowing 
across resistance Ray decreases triode ty plate potential. Therefore, the voltage 
Va) positive step transmitted across capacitor C, to triode Lo grid decreases 
and turns out to equal only (see Figure VI.27b, c) 


+ 4U,, = + Wa = (Fai e et) Rat = sign + |E gal, (VI.64) 
where /y -= capacitor Cy discharging current amplitude. 


The last expression in (VI.64) is explained by the fact that step AU 2 begins 
with negative ‘evel E 2 (we will recall that the circuit reversal examined results 
from unblanking of previously-blanked triode L,) and, due to current iy, ~-iode 
lL. grid potential must exceed the zero level (cathode potential) by magnitude 

LiRgg os WhETe Rea Par (Pees Rz)2 


Thus, voltage Ugo rises vith a jump to value 


Ces aace Pyar > 9. (VI.65) 


Due to this fact, unblanked triode Lo plate current slightly will exceed 
magn itude 12 corresponding to fixed value u 2? 0, resulting in voltages U2 


and Yg2 additionally dropping by magnitude tusz=3u; (Figure VI.27a, d). 





When u 


> 0, capacitor C, charges in triode Lo main grid current tni,,) 
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Triode Ly blanking breaks the positive feecback loop and the circuit converts 
to the quasistable state. Capacitor cy charging and Co discharging processes, /270 
vhich began at tne moment of reversal, continue in this state. The capacitor 
C., discharging process is the most important since it is exactly because of current 
ss that triode L, is maintained in the blanked state, while triode L, is unblanked. 
Actually, during the capacitor discharging process, the voltage in it will strive 
to decrease to value Cwm (Figure VI.27f), current ip, will strive to decrease 
to zero, while negative voltage u,=—ip8,, vill strive to rise to voltage Yor = 0 
(Figure V1.27a) with time constant ‘peasp2_ , which will be found easily from Figure 
VI.28b: 


R. Ky ‘als 
Tpesp> = C; (Res + eae Ra )= CR ave 


. ~ Rin:Rar 
since Ru Pas Re 


However, as long as voltage Ug) remains less than cutoff voltage E G01? triode 
L, remains blanked. The capacitor Cc, charging process occurs with time constant 


1 
, which vill be found from Figure VI.28a and, since fy2@Rp and typ Ry » 


Ssapl 
equals 


Teap 1 = Cy (R., + =e, (Rar + Sena) =CRa. (VI.67) 
Equating expressions (VI.67) and (V1.66), we see that, since R,,<R,,, then 

Trapt KZ Tpeap; aNd, Consequently, capacitor Cc, charging succeeds in ceasing completely 

during the time the circuit remains in the quasistable state. Here, capacitor 

oh 

i, Gecays to zero in accordance with the same lav, voltage ay rises to value 

Ua ware ™ ©, (Figure VI.27b), voltage Ug2 decreases to value Ug2 = Q (Figure VI.27c), 

in which cornection voltage u,, rises to value Usrwas (Figure VI.27d). At moment 

» triode Ly unblanks, 


voltage rises by the law of exponents to value ES (Figure VI.27e), current 


ts when voltage Ugi? rising, equates to cutoff voltage E501 
the positive feecback loop again closes, and circuit reversal occurs in the opposite 
direction. Here, voltages Us and Yg2 decrease with a jump, resulting in the 


fact that triode Ls bianks, while voltages Yoga and U2 rise with a jump. The 
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identical circumstances that came into play in the first reversal determine the 


magnitude of these steps. 


The circuit will convert to the second quasistable state following reversal, 
during which occurs the process of capacitor Cc. charging due to the voltage Us2 
positive step and capccitor Cc, discharging caused by the voltage Ut negative 


step. 


Equivale-* vwapacitor cy charging and Co discharging circuits correspond to 
the circuits *.pic. d in Figure V1.28a, b if all indices in these circuits are 
replaced by their cpposites, Therefore, capacitor Cc) discharge occurs with /271 


time constant 


Trasp 1 = CR 2 (VI.68) 


while capacitor c) charge occurs with time constant 


(VI.69) 
Tyap2 =CR,; 
The determinant here is capacitor cy discharging since triode Lo is maintained 
in the blanked state due to current jp . During this capacitor's discharging 
process, the voltage in it will strive to decrease to value Uazwan , while negative 


voltage Yg2 will strive to rise to zero. 


Since *rep: FS *pesps (Rar Ras then the process of charging capacitor Co to 
voltage eS while the circuit remains in the second quasistable state succeeds 
in ceasing completely. As a result of this, a gradual (exponential) rise in vultage 
U52 to value U,wac#E&,, Following the corresponding spasmodic changes occurs, 
voltage u 1 decreases to zero, and voltage Us} increases to value U4) wan= En — lai Ra, ° 


At moment t,(t)), when voltage Yg2? rising, equates to cutoff voltage E402" 
the next circuit reversal occurs: triode L, unblanks with a jump, while triode 


Ly blanks. Further, the processes reoeat themselves. 


Thus, antiphase periodic pulse trains of almost square shape (Figure VI.27b, d) 
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are shaped in triode plates. The complete cycle of circuit operation (pulse 


repetition period) equals 


T,=T,+7T:*, (v1.70) 


where th -~ cycle portion equalling the amount of time the circuit remains 
in one quasistable state (duration of the positive pulse at triode 
Ly plate); 
T, -- cycle portion equalling the amount of time the circuit renains 
in the second quasistable state (duration of the positive pulse 


at triode L, plate). 


Capacitor C) and Cc. discharging processes determine intervals TY and tT, and 
will be found as follovs. During time t = T, (t) 4 t £t.), negative voltage 


Yo rises from value U'sgiwm to value E503 based on the lav te = Oo el 
c 





paina 


Assuming u 1? [G02 where t = TW we will get Eyy =O. vanl “pain: | From whence, 


after taking the logarithm and considering expressions (VI.63) and (VI.66) 














; Cpu haRa. / . 
T, = Tyanp2in = = CR, In ha <VI.71) 
From analogous Giscussions for interval iD ve will get /272 
Ty = Tyayp 1 I Cree CR In eke 
2 Tharp! os ee VE eal <VI.72) 


As demonstrated in Figure VI.27, t 7 T, for a symmetrical circuit. 


Plate voltage pulse amplitudes obtained accordingly equal 


Uy Ey — U ay we bei Rois ar Eg ~ Usa une = LeeRar (VI.73) 





“We disregard the time of circuit reversal in both directions. 
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Considering (VI.67) and (V1.69), duration of the positive exponential porches 


of pulses caused by capacitor C, and Co charging processes equals 
typ, = ICR: ty = 3t,499 = SCR». (VI.74) 
These ratios constrain multivibrator minimum pulse duration, 


The Figure VI.27 curves are plotted without considering the input and output 
capacitances of each stage. The influence of these stray capacitances, just as 
was the case in a flip-flop, will rule out instantaneous circuit reversals, resulting 
in the fact that spasmodic voltage changes occur at a finite rate and will lead 
to additional stretching of generated pulse porch and droop. 


Circuit parameters are selected from the following basic considerations. 
are selected in accordance with (VI.73) from 


Plate load impedances Ra and R.2 
their macnitude usually 


the condition that requisite pulse amplitude be obtained; 
will fall within the bounds of 3--10 kilohms. Coupling capacitor capacitance 

to obtain a slight pulse rise time in accordance with (V1.74) must be as low as 
possible, but significantly exceed circuit stray capacitances, and usually are 
selected on the order of one or several hundred picofarads. Resistances Ro and 
R 2 to obtain self-excitation conditions (VI.58) and (VL.60) and pulse shape 
approximating a square pu!se (satisfaction of ratios “paspt >> Tsap? aNd Tpasps Taap) ) 
must be significantly greater than plate load impedances P., >... Ra >Ry 

and are established, depending on given pulse duration, on the order of tens or 


hundreds of kilohms,. 


The repetition frequency of the pulses generated by the circuit 
} : may range from unities of Hertz to hundreds of kilohezrtz. 


fT 
Pulse duration Lt 


and T, control in accordance with (VI.71) and (VI.72) occurs 
either by a change in resistances Ba and Ro2 (smoothly) or by switching the coupling 





capacitors (discretely). 

Asymmetrical circuits with unequal discharge time constants (2,1 * tps)  /273 
must be used to obtain pulses with unequal intervals (Ty # To). Usually, a varied 
or (to obtain great circuit asymmetry) or capacitor 7 


resistance Rot and Rae 
We will examine what is used to constrain the 


and C, capacitances insures this. 
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Maximum possible duty ratio value of pulses picked off, for example, triode Ly 


plate: Qa bes . There is a requirement that Co capacitance in expression 


(VI.71) be less than Cy capacitance in expression (VI.72) to the maximum extent 

possible in order that pulse duration «t=7, is less than resting time duration 
ta=T- to the maximum possible extent. However, when c, a Cis capacitor Cc) 

charging time constant will coincide with the capacitor Cc, discharging time constant. 

As a result, capacitor Cc, will not succeed in discharging during intervals is 

and circuit operation will be disrupted. Therefore, the duty rativ of pulses 

generated by a multivibrator, even if their shape is immaterial, z-~ely exceeds 





the value 100. 
EXERCISE VI.12 


a) Oraw the curves of voltages Ugi? Ug2? and Us for an asymmetrical basic 


multivibrator circuit if Roa = Roe and remaining arm parameters are identical. 


b) How is it possible ta convert a basic multivibrator circuit to the manostable 
mode? Dray such a circuit when it is triggered by negative pulses and draw the 
curves of voltages Uses , Yo and Ug2° What will determine dusation of the pulse 


this circuit generates? (Page 483) 


2. Improved Variants of the Basic Multivibrator Circuit 





Figure VI.29. Multiv‘brator With Improved Pulse Shape. 


The shape of plate voltage pulses in the basic multivibrator circuit is Gistorted 
mainly due to stretching of the leading edge caused by coupling capacitor charging 
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processes. The circuit depicted in Figure V1.29 may be used to improve this leading 
edge. Basic circuit structure and operating principle remain unchanged. Additional 
resistances Ry and R, are connected to the capacitor Cc) and Co charging network 

and, therefore, decrease the amplitude of charging currents /, and I, 

picked off tube plate potentials after tube blanking. As a result of this, the 
magnitude of plate valtage positive steps rises (VI.64): + 40,,=(4,,—-4) Rua 

and + AU, =(/,,—/-:)Rua .) Resistances Ry and Ro on the order of 100 kilohms /274 
are selected in order to obtain a noticeable effect. However, here a gradual 

rise in plate voltages after steps to values Ujwanc=-E, Occurs very slowly due 

to the significant increase in charging time constants ta» and ‘tuwp2 . Therefore, 
a sloped pulse tilt zesults. In addition, resistances Ry and Ros along with circuit 
input capacitances C,,, and C,,, form an integrator constraining rapid voltage 

oi and u 2 changes at the moment of reversal. As a result, reversal processes 

are stretched out and voltage step transconductance decreases. Acclerating capacitors 
Coa and C_2 of slight capacitance (20--50 pF) shunt resistances Ry and Ro in order 

to reduce the deleterious influence of the input capacitances. These capacitors 

act just like they did in the flip-flop. The shape of the plate voltage pulse 

for the circuit being examined is depicted in Figure VI.30 (pulse shape for the 
conventional basic circuit is depicted by the dotted line in this figure). 





Figure V1.30. Figure VI.29 Circuit Pulse Shape. 


The load connected to the plate of one (or both) triodes may impact materially 
on a multivibrator's free-running frequency. The pentode multivibrator circuit 
depicted in Figure VI.31 may be used to reduce the impact of load. Pentode screen 
grid networks play the role of multivibrator plate networks in this circuit, 

Cutput voltages are picked off pentode plates. Since capacitive coupling between 
pentode plates and screen grids is very slight due to presence of suppressor grids, 


the impact of load on circuit operation essentially is eliminated. 
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Figure VI.31. Pentode Multivibrator. 


The repetition frequency of the pulses the basic circuit generates may change 
significantly when tube> are replaced and when there are supply voltage oscillations 
and stray parameter changes. This is caused by the slight transconductance of 
a blanked tube grid voltage rise when they intersect cutoff voltage levels. The 
retarding-field multivibrator circuit depicted in Figure VI.32 often is used to 
increase free-running frequency stability. Processes of capacitor Cy and = /275 
c, recharge to voltages £,—U,,ys,occur in this circuit instead of the processes 
of their discharge to voltages Uawan + AS a result, just as was the case in 
the retarding-field monostable multivibrator (see Figure VI.21), the rate of blanked 
tube grid voltage rise and, consequently, stability of the moments of their reversal, 
i. e., of both circuit reversals, rise significantly. In the main, the physics 


of circuit operation do not change. 


EXERCISE VI.12 


Prove the formulas for the duration of pulses T and Ts generated by the 
Figure VI.32 retarding-field multivibrator. (Page 485) 


§ 5. LEVEL COMPARISON CIRCUIT (AMPLITUDE COMPARATOR) 


A level comparison circuit provides precise registration of the moment of 
equality of two input voltages. A steep change (step) of circuit output voltage 
is generated at that moment. Usually, this change then is differentiated, resulting 
in a short comparison pulse, which alse will serve as a marker for the moment 
of input voltage equality. One of the voltages compared by the circuit, as a 
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Figure VI.32. Retarding-Field Multivibrator. 


rule, changes in accordance with a standard periodic law, has constant parameters, 
and is referred to as a reference pulse. The other is a slowly-changing ("constant") 
voltage and is referred to as control voltage since it controls comparison pulse 
position on the time axis. 


Comparison circuit operating principle is explained in Figure VI.33, in which 
are depicted its structural diagram and voltage curves for two typical reference 
vultages, sinusoidal and sawtooth (linearly-changing). 


The first comparison circuit variant (Figure VI.33b) may be used: 

-~ for conversion of sinusoidal reference voltage into square voltage pulses 
Usuw whose duty ratio changes depending on voltage Urmp magnitude; 

-~ to obtain, with the aid of sinusoidal calibration pulse voltage Ucp , 
whose repetition period rigidly is synchronized with period 7,, ; 


-~- for precise determination of sinusoidal voltage phase by measuring /276 
time intervals between comparison pulses and reference pulses supplying a zero 
phase reference. 


In the latter two instances, control voltage is made equal to zero to eliminate 
the influence of sinusoidal voltage amplitude on comparison pulse position. 


The second comparison circuit variant (Figure VI.33c) is used to obtain /277 
a temporary comparison pulse time delay relative to the moments that a forward 
stroke of a sawtooth reference voltage begins. If this voltage during a forward 
stroke changes in accordance with a linear law, then the pulse delay also linearly 
will depend on control voltage magnitude, Actually, in accordance with Figure 
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Figure VI.33. For Explanation of the Level Comparison Circuit 
Operating Principle. (d) -+ Level comparison circuit. 


VI.33c, disregarding the slight duration of voltage u.., return stroke, for the 
values of voltage usz, falling within the bounds  Cusuum< np Sl nv. » we will 


get: 


{= Ton Pi K (yop Un. ann) TH 4,=- KAtt np. (VI.75) 
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where A= ~ =sconst. 

Here, the delay interval in each period 7.. corresponds to that voltage 
“snp Value achieved at the moment of its equality with voltage ti, (valtage kas 
corresponds to delay ; , while voltage %,., corresponds to delay ¢ , and so 


on). 


Thus, a comparison circuit is used to obtain pulse-position modulation (PPM ] 
-- conversion of information reflected by voltage 4,,, magnitude into comparison 


pulse phase (time position). 


Generally speaking, it is possible to compare voltages using any nonlinear 
device uhose volt-ampere characteristic has a sharp break. Thus, for example, 
limiter transition from the transfer to the clipping mode (or vice versa) occurs 
at the moment of equality of random-shape input voltage and constant cteference 
voltage -- clipping threshold £, (see Chapter V). The difference between level 
comparison circuits and similar devices is that their output voltage will not 
depend on input voltage shape and changes with a jump only at the moment of equality 
of the latter. 


A level comparison circuit must have two inputs. Since input voltages may 
change relative to each ot’: : as slowly as they please, then obtaining a precise 
change of voltage uy, at tie o%ment of their equality is possible only due to 
onset of an avalanche-like .ucess in the circuit. But, this requires that the 
positive feedback loop in the circuit close and the amplitude self-excitation 
condition be satisfied at the moment of transition. The circuit must be maintained 
by an input voltage in one of two states of stable equilibrium during the remaining 
time, depending on yhich of them is greater. For these reasons, level comparision 
circuits are assembled as two-stage square-wave generators operating in the control 


voltage extemal control mode. 


Gne variety of such multivibrator-type circuits is depicted in Figure VI.34. 
It is similar to a cathode-coupling monostable multivibrator (see Figure VI.17), 
but has two inputs: sawtooth (iinearly-dropping) reference voltage ue: =4.n /278 











Figure VI.34. Multivibrator-Type Level Comparison Circuit. 


is supplied to triode Ly grid, while slowly-changing control voltage 4uy.: =uyrp 
is supplied to triode Lo grid. Both voltages are positive. 


In addition, large resistance R, and Roe magnitude is characteristic of 
the circuit. We will explain below the requirement for this, as well as the role 
additional diode D plays. The overall circuit operating principle comprises the 


following. 


Selected cathode load impedance p, is much greater than plate load impedances 
R, > Ra. Ry eR. Therefore, both stages turn out to be enveloped by penetrating 


negative feedback and operate like cathode followers. 


Since cathode follower gain is close to wnity vhen R, magnitude is great, 
voltage ue , which is created due tu the unblanked tube current i, flow across 
resistance R,. , approximates this tube's input voltage, i. C6, ux ming — gn = Ugg 
But, this voltage opposite in phase (vith a "minus") turns out to be applied to 
the other tube grid. Therefore, at any given moment, that triode whose input 
voltage is higher unblanks and the other tricede tums out to be blanked due to 
voltage u.. If, for instance, tiadtmp » then triode Ly unblanks, 

PMT By iy, Wy Ming — Rg ZS Wag — Ung O and triode Lo is blanked. When 
ioa< idee y» ON the other hand, triode Lo is «nblunked, while triode Ly is blanked 
SINCE tye BUn — Woz Flin —Uygg CO» A pouitive Feedback loop (VI.30), identical 
to the one in the cathode-coupling multivibrator, is active at the moments of 
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voltage uy, and ung equality and circuit reversal occurs (negative feedback 
at moments of reversal, just as was the case in cathode-coupling multivibrators, 
is not active). It is important to note that capacitor C connecting triode Ly 
plate with triode L, grid is required only to create a positive feedback loop 
but, in opposition to multivibrator circuits, is not a timing element. Actually, 
only an external cause -~ the tire interval during which one input voltage is 
greater than the other -- determines haw long the circuit remains in each of the 


two fixed states. 





Figure VI.35. Voltage Curves in a Level Comoarison Circuit. 
(g) - Charge; (h) -- Discharge. 


344 





oo ee ee 


Veltage curves in the circuit are depicted in Figure VI.35. The form of 
these curves is explained in the following manner. 


re eae 





Figure VI.36. Graphic Explanation of Triode Ly Operating Mode. 
(a) --+ For. 


Triode Ly is unblanked at the beginning of a forward stroke of a sawtooth 
voltage, as long as inequality Yon>uym (f<t:) is satisfied. We may examine its 
mode with the aid of Figure VI.36 where the dynamic plate-grid characteristic /280 
(considering resistances Rs and Rap and the feedback line for a yiven instantaneous 
Yon — Ugar © 
“Re * 
with the dynamic characteristic determines voltage 4g: and equals 


voltage u4,, value are plotted: 1,,= This line's point of intersection 


M gay = Ugg — Uy = Egy + BU). 


Load line slope, in accordance with (111.67) equalling ane arc tg 7 , is 


slight due to the great resistance R, magnitude. Therefore, voltage uy, turns 
cut negative for all values of wog (the stage operates with grid currents), but 


“This plot is analogous to thet used for graphical analysis of cathode follower 
operation (see Figure II1.23, Exercise III.9). 
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is greater than cutoff voltage F,) since Uoa>0 . Voltage us decreases slightly 
due to the decrease of voltage wy in accordance with the linear lav, while voltage 
Ua) rises. In accordance with the same law and essentially with the same rate 


of change as that of voltage “o , the voltage drop 


a = — $l’ 
Nay bay yn = oq En al’. 


Triode Ly grid voltage ec.als 


Mt ge = Yynp — Any = Bynp — oa + Egy + SU; (V1.76) 


and rises according to the same law since 1,,,=const + Here, as follows from 


(VI.76), since Yoa>Yynp + 2l', Ug < Ep, i. e., triode L, is blanked*, and /281 


its plate voltage is maximum Uso = Es 


Equality of volt2: 3 uog=uygp Arrives at moment ty. However, in accordance 
with (VI.76), voltage t,. rises to cutoff voltage somewhat earlier, at moment 
ti when reference voltage decreases to a magnitude exceeding voltage Uynp by value 
BU: Ugaz Egg Whee Uvg=uyapt3U, . At that moment, triode L, unblanks and the 
positive feedback network begins to operate: appearance of current 132 increases 
voltage drop 4 , i. e., decreases voltage uga, and current isp voltage Yay rises, 
its increment is transmitted across cou, .ing capacitor C to triode Lo grid, causing 
a further current haz increase, and so on. Continuing voltage on decrease 
facilitates this process. As a result, an avalanche-like circuit reversal occurs 
at moment ei triode Ly is blanked, while triode Lo is unblanked.** Here, voltages 
Ugai and U32 decrease with a jump, while voltages ug, and ust rise with a jump. 
Voltage ugg when triode Lo is unblanked remains negative due to the large resistance 
R, magnitude (triode Los just like triode ty operates without grid cu-rents). 


It is clear from what has been said that voltage comparison occurs vith time 
error 3f,=f,—¢, , which depends on voltage 28U, magnitude. Resistance R, must 
be increased in order to decrease this error, as is evident from Figure VI.36. 

i ee . ‘ , = Z 
We assume that triode cutoff voltages are identical: E501 = E502 = E50" 
**Strictly speaking, circuit reversal will occur somewhat later, when voltage 


ugan @xceeds cutoff voltage by a certain magnitude. 
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Capacitor C begins to charge along the network +t) resistance Ray? capacitor 
C, resistance Rg2? voltage uygp source output resistance, chassis (-E,) in connection 
with the voltage ua) increase at the moment of reversal. Charging current i, , 
flowing across resistance R 2° increases triode Ly grid potential, which facilitates 
circuit reversal. Since this current, because of capacitor C charging, decays 
by the law of expmnents, an exponential voltage gaz "bump" arises at triode Lo 
grid, creating an identical current ino and voltage “s2™ta2%s “bump."' But, since 
its grid voltage when triode Ly is blanked equals tgar™Uon— ar, then an exponential 
voltage "bump" of opposite (negative) polarity arises in its grid. 


If the capacitor C charge occurs too rapidly following a reversal, then the 
negative voltage uy, "bump" would cease until dropping voltage won becomes less 
than voltage uy, to the extent insuring reliable triode Ly blanking (see the Figure 
VI.35b dotted line). Here, a random positive fluctuation of voltage uo, (or negative 
fluctuation of voltage Uyzpy ) arising immediately after moment tis may cause /282 
a circuit counter misoperation. After this, the circuit again would reverse in 
the requisite direction in connection with the continuing reference valtage decrease. 
A sufficiently-large resistance Ra2 is selected (on the order of a megohm) in 
order to extend the capacitor C charging process, i. e., the duration of the negative 
voltage uz», "bump," for a time during which voltage uoa will become significantly 
less than voltage u,,, in order to eliminate the possibility of circuit misoperations, 
This guarantees a reliable single circuit reversal at moment Es 


Triode Lo remains unblanked and triode Ly blanked following a reversal until 
inequality uoa<Uyap (1;<f<%) is satisfied. During this entire time, current ise 
flows across resistance Ry and voltage u,=us2ig2R, Changes in phase with this 


current. Triode L, grid voltage, remaining negative, equals 


U gar = Lynp — 4a > Ego 


and essentially is constant, eliminating the irea of transient process immediately 
following reversal since voltage Uyspwconst . Voltage u,. changes opposite in 
phase with voltage ug:. Triode Ly grid voltage equals 


gat = Yon — Un<Ey 


347 


PN et ee a Le: 
































and, since w,sconst » Changes in a manner almost identical to the voltage 


t 

change. Here, voltage Ua} is maximum Uon .  § 
Equality icasuyap arrives at moment ts during the reference voltage return 
stroke. However, just as was the case for a forward circuit reversal, its counter 
' 

reversal occurs somewhat earlier, at moment tos when equality dopt3U;"uy,, is 
satisfied. Time error 4,=¢;—,is slight (3i2< ét,) and has no significance due 
to the high rate of voltage u., rise during the return stroke since a circuit 


counter reversal is not used further. 


Triode Ly is unblanked during a counter reversal and capacitor C discharges 
across this triode, resistance R, , voltage Uynp Source output resistance, and 
resistance R 2° Capacitor discharging current creates a negative voltage Uyaz 
"bump." It is desireable to clip this "bump" since, on the one hand, the danger 
of circuit misoperaticns during a counter reversal does not arise in connection 


with the great rate of voltage u, rise and, on the other hand, there is a need 


Sree capeeeetene Mente eteem cee anne arene ete 
. at 


to insure rapid circuit recovery prior to initiation of the subsequent forward 
stroke of this voltage (to prepare the circuit for the subsequent forward reversal). 
Therefore, diode D shunts resistance Roz for capacitor C discharging current. 

This sharply decreases the capacitor discharge time constant, i. e., reduces /283 
the recovery time of triode Lo grid normal potential. 


Circuit output voltage is picked of triode Lo plate and then is differentiated 
(see Figure VI.33a). Comparison pulses of negative polarity, whose position (with 
error 3f, ) corresponds to the moments of voltage ua and uvnp equality during 
each voltage u.. forvard stroke (Figure VI.35f), are the result. Positive pulses 
obtained at differentiator output at moment t are not used (depicted by the dotted 
line in Figure VI.35f). 


As already indicated, it is advantageous to increase resistance R, to decrease 
comparison error 3, . Large resistance &, also facilitates tube plate current 
stabilization, i. e., insures voltage U2 drop amplitude constancy and, consequently, 
that of comparison pulses, given varied voltage urs, levels. Therefore, a resistance 
& on the order of unities of megohms is selected. However, here, resultant 
voltage Ua2 drop amplitude is slight due to the tube plate current decrease and 
satisfaction of the amplitude self-excitation condition is hindered due to the 


ne ee ree meen ern pap egepaenme nap eee neenes ¢ nent eeenenenemnnag rene 


a ee 


348 


re pe eres rere ne Spine See to aS 





rary areas 





aS la Oi ea he Ee Be i emi oY ag 








decrease in dynamic plate-grid characteristic transconductance. Resistance R, 

often is connected to the cathode bias Fy, (F,~£,) soice negative terminal rather 
than to the circuit chassis to increase tube plate current and dynamic characteristic 
transconductance. Connection of a current-stabilizing triode or pentode with 
negative current feedback to the tube cathode network rather than resistance 


®, is a more efficient approach (see Chapter III, § 4). 


EXERCISE VI.13 


a) In what instances and how does a diode 0 maifunction impact upon the 


operation of a level comparison circuit (Figure VI.34)? 
b) How should the Figure VI.34 circuit be changed if sawtooth reference 


voltage is rising linearly (during the time of a forward stroke), rather than 


dropping linearly? (Page 485) 


§ 6. TRANSISTOR FLIP-FLOPS 


1. External Bias Source Flip-Flop 


OR RE EY FR OR EE A I IP ee Se er TET 


Transistor flip-flops are analcgous to corresponding tube flip-flops and 
ar2 tuostage amplifiers with a closed positive feedback loop. Transistors are 
assembled in a common-emitter [OE] circuit in amplifying stages. Here, such O£ 
circuit advantages, compared to a common-base [08] circuit, as large input resistances 
and sufficiently-high current and voltage amplification are employed in this 
transistus circuit arrangement. In addition, inversion of the amolifying signal 
occurs in an O€ circuit and is required to satisfy self-excitation phase /284 


conditions during the regenerative process. 


a errr etry en ee eee 


The keying mode of operation, i. e., one transistor is in a state of saturation, 
vhile the other is in a blanked state, is used in the transistor flip-flop static 
mode. Providing blanking and saturation modes with a slight reserve, it is possible 
to obtain good circuit and pulse amplitude stability during a temperature change 
or when transistors are replaced. In addition, a high supply source utilization 


factor is insured in the keying mode. 
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One keying mode drawback is that the saturation mode will lead to a reduction 


in operating speed due to dispersal delay and a decrease in triggering sensitivity. 





Figure VI.37, External Bias Source Transistor Flip-Flop. 


The external bias source symmetrical flip-flop circuit depicted in Figure 
VI.37 in layout is analogous to an electron tube circuit. We will analyze this 
circuit for two states, the static mode and the switching process under trigger 


oulse action. 





Figure VI.36. for Analysis of the Flip-Flop Static Mode. 


static moce. In the static isae, one transistor is blanked, while the other 
is unblanked and in the saturation mde. we will assume that transistor n is 
unblanked, while transictoer ‘5 is blanked. The condition of transistor T, blanking 
may be determined from the equivalent circuit depicted in Figure VI.38a. Here, 
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saturated transistor " is replaced by a short-circuited conductor (points K and 


3 in Figure VI.38a) since the potential of its collector approximates zero. 
Positive bias source Ey whose voltage magnitude must exceed the voltage drop 


across resistance Ro due to current /,, flow insures transistor t blanking. 
It is evident from the circuit (V1.38a) that /285 
lig = eB Es = fey: (V1.77) 


Since inequality usg>0Q determines the blanking condition, one may write 


RST: (VI.78) 


The maximum value of collector junction back current /,) uaxc (given the upper 
temperature value) must be cubstituted in inequality (VI.78) for reliable blanking 
in the temperature interval. It then is possible to transfer from inequality 
(VI.78) to equality 





R= 7 Ey . 
my mane (VI.79) 


The transistor ty saturation condition is written in the form 


ten Ey 
Way TR: 
considering unblanked transistor is voltage us, in the saturation mode 
eS equalling zeim, it is nossib]e to find the expression for this transistor's 


base current in accordance vith the Figure V1.38b equivalent circuit: 





‘i Ey — 18, E. = E; &, 
hmin—im=—EoR, RD Rak (VI.80) 





since ritio /,,A,@.F,usvally is provided by the f&, Magnitude selected. Considering 
expression (VI.20), the saturation condition may be written in the ferm 


/ Ee x E. Set 
CM RGR Ri Re (VI.81) 
Jol 


| 
| 
| 
| 
1 
! 


Ce 











Hence /286 
Re ep 
( pes Je (VI.82) 
: ER; 


Variation 8 is great in manufactured transistors since value CX usually 
is cantrolled curing manufacture. Even a slight CY deviation from the assigned 
value will lead to a material difference in B magnitudes, Thus, for example, 
transistors in vhich &% 1? 0.98 and CX 27 0.99 will have B o7 30 and 
Bs = 100. Therefore, there is a requirement to insure satisfaction of inequality 
(VI.82) for an unfavorable value 3=3y, . It then is possible to transfer from 


inequality (VI.82) to equality 


V+ hun ER, (VI.83) 
or, considering (VI.79) 
8 (ae =—. Ne 
hea (V1.84) 


Ratios (VI.79) and (V1I.84) make it possible to compute divider Rus Ro so 


that, for given supply sources £&, and Ey and resistance R, , the flip-flop circuit 


will have a stute of stable equilibrium with sufficient reserve. These ratios 
are introduced for cases where transistor q is unblanked, while transistor ', 


is blanked, Sy virtue of circuit symmetry, these same ratics are also the conditions 


for the circuit's second stable state, 


The difference in collector potentials in the blanked Uxyare and in the 


unblanked Uy yep states determines output puise amplitude. It is evident from 


Eg am Le Pi Ri 
Figure VI.36> thst eva 2 ee - In tho urblanked state Uryum*0 . Thus, 


vutput pulse amplitude equals 


’ R, : 
Uy = (Ee — leo) BR: (VI B5) 
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EXERCISE VI.14 


How does magnitude Bb impact upen pulse amplitude, given assigned circuit 


temperature stability? (Page 486) 


Transient processes. Just as was the case for electron tube flip-flops, 
the individual method of trigger pulse supply or symmetrical ("counting") triggering, 
in which pulses of identical polarity are supplied across trigger diodes Dy and 
0, to the input of both transistors, may be uced to trigger transistor flip-flops. 
A counting trigger network is desicted by the dotted line in Figure VI.37. 


The circuit is triggered in the majority of cases by pulses of positive /287 
polarity (negative-polarity pulses for nen transistors), which act upen an unblanked 
and saturated transistor and make it possible to speed up carrier clean-out in 


the collector junction region. 


Let a positive pulse be supplied to the base of unblanked transistor Th. 
The process of excess carrier clean-out at the transistor y collector junction 
begins due to positive voltage action and, after a certain time 1, (Figure VI.39), 
the operating point will turn out to be in the active region. Collector current 
in, Will begin to decrease from that mament on. Consequently, negative voltage 
uw Will rise. Negative increments —Jju,, are transmitted across capacitor Cy 
to transistor Ts base, decreasing positive bias. Base voltage u-; at moment to 
will equal zero and transistor T, will unblank. Appearance of current 1; /288 
causes transistor Ts collector voltage to increase. This, in tum, will lead 
to a transistor ) base voltage increase, causing its further blanking. As a 
result, the positive feedback network turns out to be closed and a regenerative 
process occurs in the circuit if the self-excitation condition is satisfied. 


The regencrative process condition may be expressed by inequality 


PoE >!. (VI.86) 


which is satisfied automatically if the flip-flop is computed correctly in the 


static mode. 


Reversal time ‘.n, determined by transistor inertness equals :, in the first 
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Figure VI.39. Transient Processes in a Flip-Flop. 


approximation. The influence of transister collector capacitances C, on the 
process rate 1s insignificant since charging of these capacitances occurs across 


relatively-siight resistances R, . 


Collector voltages and capacitor cy and c, voltages change slightly during 
The process of circuit recovery in the 
is blanked, 


the time of the regenerative process. 
ney stable state, when transistor qT, is unblanved and transistor y 


begins from moment ty. Here, capacitor Cc) is charged by base current 2 through 


the netvork +£, , T, emitter-base, C). Ree —eEn 


de will nate that, given slight time ¢,,, and sufficiently-large capacitor 
cy and Cc. capacitance magnitude, current Alsz changes will equal collector current 


AMi,, changes and, accordingly,  Afg, @Sing - At moment t, when the regenerative 
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process ceases, transistor tT, base current will have magnitude 


Ex—\Uol 7 
Re 


baa (ty) = Lom = a (VI.87) 
since unblanked transistor base voltage Ugg~0 . Further, base current decreases 


by the law of exponents 


fe (t) luge “™. (VI.88) 


Disregarding the shunting action of resistances Ry and Ro (Ri Re uw Ree ry) 


the capacitor c, cnarging time constant equals <.)=C:R, - 


A rapid increase in transistor Ts. collector voltage occurs as a result of 
the flow of rolstively-large base current /,,, and positive porch i is shaped 
(Figure V1.39e). If current is, does not change and remains equal to Iem , then 
porch shaping will occur as in the usual switch (Fiqure VI.37c) and porch duration 
tr), in accordance with (V.19), may be determined: 


Kent, Ge Ey, (VI.89) 


In fact, base current decreases and, therefore, porch duration is /289 
stretched somewhat, while saturation will occur somewhat later than when base 


current is constant. 
Transistor Lt collector voltage equals capacitor Cy voltage since U,,=0 - 


Therefore, the law of voltage 4m change has an exponential relationship 


f 


u(t) E,—(E,— Cade ™, (VI.90) 


where Us, -=- unblanked transistor base voltage. 
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Determining porch duration ry (Figure VI.39c) when voltage u,, achieves 


level UE, , we will get 


Ey {Url 
(log — 
ty! = Tay ln OE, 


Since usually {Li}; £,, then 
‘iis C.R, in 10 = 2.3C,R,. (VI.91) 


Following reversal, capacitor Co discharges along two parallel networks: 
across resistance R., and unblanked transistor Ts and across resistance Ry. 


2 
Disregarding the slight unblanked transistor resistance, it is possible to express 


the discharging time constant by formula 


RR. 
Spee = Ca -B Re (VI.92) 


Since usually Rink >Re » while C, = Co, then capacitance discharge determines 


flip-flop recovery time and has magnitude 


t= (35) CAR (VI.93) 


It is desirable to decrease capacitance magnitude for given resistance magnitudes 


in order to decrease recovery time and reduce porch ¢'. However, unblanking 


transistor (transistor T in our case) input current magnitude is clipped when 
capacitance magnitude is slight due to large resistance Ry: This will lead to 
porch fy’ deterioration. The reasons for such a phenomenon vere examined in 
Chapter V, § 4. Thus, contradictory requirements are levied on accelerating 


capacitance magnitude. Optimal capacitance value is determined by Formula 


5.3 


limit (such as P411 and P416 8/290 


reduce transient process time and 


Transistors vith the greatest frequency 


transistors, for example) need to be used to 


to increase flip-flop speed. Also, the degree of saturation must oe reduced where 


An increase in trigger current amplitude is useful to decrease clear-out 


possible. 
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time if circuit operating conditions require that a saturation mode with sufficient 


reserve be provided, 


It also is possible to reduce transient processes if collector voltage diode 
clamping is used, as was demcnstrated in Chapter V, § 4 (Figure V.38). 


Low-frequency transistors like the P15, P16B, P26B, P26B, P30, P42, and so 
forth provide a switching frequency on the order of hundreds of hertz. High-frequency 
transistors like the P403, P410, P411, and P416 make it possible to increase switching 
frequency to several hundred megahertz {13]. 





Figure V1.40. Unsaturated Flip-Flop Circuit (a) and 
Simplified Circuit for One Arm (b). 


Unsaturated flip-flop circuits often are used instead of the circuits examined, 
called a saturated flip-flop circuit. The unsaturated mode makes it possible 
to eliminate the flip-flop reversal delay due to carrier clean-out. Introduction 
of nonlinear negative feecback into the circuit is a widespread method of averting 
unblarked transistor seturation. An unsaturated flip-flop circuit and a simplified 
circuit for one arm are depicted in Figure V1.40a, b, respectively. Here, nonlinear 
negative feedback between collector and base is accomplished by diode 0, which 
closes the feedback when the transistor operating poi'.l approaches the saturation 
region and opens it the moment the transistor blanks. A small portion of comnon 
resistance Ris desiqated Ris is connected in series with it to provide the requisite 
level of diode unblanking. As long as collector-base path voltage (',, is greater 
than the voltage drop across resistance Ri due to divider ip and base ig currents, 
diode D is blanked and negative feedback is inactive. Therefore, base /291 
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Current ‘ will rise with a rise in input current :,,=i,-i, and, consequently, 
coltector current i,=3, tises also. Diode D unblanks, preventing transistor 
Saturation, when output current reaches that value at which voltage (’,, will equal 
the voltage drop across resistance ise 
will lead mainly to an increase in the component of collector current flowing 


across the diode, while load current ‘ will remain essentially unchanged. Collector 


Here, a further input current increase 


current is clamped close to the saturation boundary. 
EXERCISE VI.15 
How will pulse l., rise and decay time change when capacitances C) and Co 


change? (Page 486) 


2. Automatic Bias Flip-Flop 





Figure VI.41. Automatic Bias Flip-Flop. 


An automatic bias flip-flop circuit is depicted in Figure VI.41. Bias in 
this circuit is created by the voltage drop across resistance R, as unblanked 
transistor emitter current flows. The unblanking condition of the cther transistor 
is identical to that of an external bias source flip-flop circuit. Consequently, 
it is possible to determine resistance Ro from formula 





Ries (VI.94) 


‘yo marc 
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Resistance R, magn tude is selected from the condition of one transistor's 
reliable blanking while the other is in the unblanked state, on the one hand, 
and providing maximum output pulse amplitude on the other. It is advisible to 
select the greatest possible resistance &, magnitude for reliable blanking. 
But, when a transistor is in the unblanked and saturated state, its collector 
valtage differs from zero and is approximately equal te voltage Up. This will 
lead to a decrease in the voltage drop acmss the collector when the examined 
transistor is blanked. A resistance R, magnitude on the order of (U.! + 0.2) 2, usually 


is selected. 
EXERCISE VI.16 1/292 


Prove an approximate formula for determination of voltage Up, using circuit 
parameters, considering that the unblanked transistor is satureted, (Page 486) 


Output voltage amplitude equals 


. R. Rk, 
On = Oa RR Rook (VI.95) 


Amplitude here turns out to be 10--15% less compared with an external bias 


flip-flop. 


Capacitor C, capacitance magnitude is selected from the condition of resistance 
R, shunting during the reversal process, i. e., a-c component shunting. Here, 
condition R,C,.>¢t,,must be satisfied, where ‘a -= reversal process duration. 


Main dravbacks of this flip-flop include mor2 components and less output 
pulse anplitude, given identical supply source £, , compared with the previously- 
examined circuit, Hovever, negative d-c feedback, which stabilizes the operating 
point in case the transistor unsaturated mode is used, is created in an automatic 
bias flip-flop due to resistance Rs . In turn, the unsaturated mode makes it 


possible to rule out delay due to clean-out, i. e., to increase speed. 
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3. Emitter-Coupling Flip-Flop 





Figure VI.42. Emitter-Coupling Flip-Flop. 


The emitter-coupling flip-flop circuit depicted in Figure VI.42 is another 
flip-flop circuit variant. A special feature of this flip-flop is that resistances 
and a baasting capacitance do not couple the transistor Ts collector to the transistor 
th base. Therefore, a much better output pulse shape results. The emitter- coupling 
flip-flop is used widely as a converter of sinusoidal voltage (or of any random-shape 
voltage) into square pulses and also may be used as a pulse-height discriminator. 

In this case, a regenerative process occurs when input voltage attains the tripping 
threshold and the pulse cbtained as a result of transistor tT, collector /293 
voltage drop differentiation becomes the information on the assigned input signal 


level. 


Pulses of alternating polarity must be used when triggering a flip-flop with 


pulses supplied tu the transistor N base. 


The amplitude of the pulses at the transistor to collector essentially equals 





Ry 
Uy= E(t — Faz). (v1.96) 
§ 7. TRANSISTOR MULTIVIBRATORS 


1. Transistor Multivibrator in the Free-Rumning Mode 


Transistor multivibrators in design are analogous to tube circuits. flectrical 
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processes flowing in these circuits as a pulse tilt is shaped also are analogous 

to those in tube circuits and are linked with timing capacitance recharge. The 

only difference here is that the blanked transistor exerts shunting action on 

the recharging circuit and, most importantly, a relationship exists between shunting 
activity and temperature. In particular, input network shunting of recharging 

R-C network blanked transistors in multivibrators vill lead to a change in pulse 
duration or resting time with a temperature change. Processes linked with porch 

and droop shaping differ materially from those in tube circuits. This is exolained 
by transistor inertness due to the finite rate of diffusion of carriers and cleanout 
delays examined above. Stray and junction capacitances play a lesser role than 
transistor inertness since their recharging occurs across relatively-slight collector 



















netvork resistances. 





Figure VI.43, Transistor Mulitivibrator Circuit. 


The circuit fur a multivibrator operating in the free-running mode is depicted 
in Figure V1.43 and is analogous to a retarding-field multivibrator. In this 
case, coup::ng network resistances are connected to supply source &£, negative 
terminal. As a result of this type of connection, capacitor c) and C. resistances 
Ra, and &,, will have a tendency to recharge when transistors TY and T 1294 
are in the unblanked state. It is advisible to connect the aforementioned resistances 
to source positive terminal since bass voltage when the capacitor discharges will 
strive tovards zero, while transistor unblanking occurs when the voltage between 
base and emitter is close to zero, i. e., the moment of reversal will be unstable. 


Time diagrams explaining circuit operation ar2 depicted in Figure V1.44, 
Here, we accept as our zero time reference random moment in time when transistor 
T, is unblanked and is saturated, while transistor T is blanked by capacitor 
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Figure V1.44, Time Diagrams Illustrating Multivibrator Operation. 


Cc, positive voltage. In actuality, saturated transistor Ts represents a /295 
short circuit, resulting in capacitor C. being connected between transistor nN 

base and emitter. Capacitor co discharges across unblanked transistor ‘Th, resistance 
Re, » and supply source £, . If you disregard unblanked transistor internal 
resistance and blanked transistor shunting action, then the recharging netvork 


time constant vill turn out to equal 


Tpesp = Ray (VI.97) 


Circuit reversal will occur at certain moment ty when transistor TY base 
voltage reaches a level approximately equal to zero (us,~Urcz=0) and the transistor 


will unblank. Appearance of collector current :,, will lead to an increase in 
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collector voltage ux: (its negative potential decreases), which causes capacitance 

Cy discharge. The main portion of collector current j,, initially will flow across 
capacitor cy and across transistor Ts input resistance. The excess discharge 

in the qT, base disperses as a result and transistor Ty, leaves the saturation mode. 


Collector current {,2 begins to decrease and transistor T, collector voltage begins 


a 


to drop. In this connection, capacitor c, discharging current increases and, 
consequently, transistor Le base current increases. Thus, from this moment on, 
the positive feedback network turns out to be closed and a regenerative process, 
which concludes with the blanking of transistor Tos occurs in the circuit. Just 
as was the case in the flip-flop, transistor collector and base voltages do not 
reach the steady-state value immediately. Positive porch fs) shaping in the 
transistor uy collector is similar to porch #\*) shaping in a flip-flop (Figure 


1.39e). 


There is no rise in voltage u,, prior to transistor To blanking due to load 
shunting R,, by slight resistance fo. (across capacitor C,). Transistor TY 
collector voltage will begin to increase intensively only from the moment transistor 
T, is blanked. Given sufficiently-great capacitor C, capacitance, the voltage 


1 
in it during regeneration essentially will not suceed in changing and therefore 


Sigg = Mg RES ae. Then, capacitor Co begins to charge through network 


woe a ee ee a ae perenne ee 


+E T 61 C2 Ruz —E,: 


Charging time constant <jp=C;R, usually is greater than time constant 


: Therefore, porch shaping occurs just as was the case for a conventional 


avitch, qiven essentialiy unchanged turn-on current ig:=/a2 + Consequently, 


it is possible to determine rise time 3) from (V.19), i. e. 











E. | 

it aes Fens a oe ot Pes 1 

GN Sleas  t pet © Rn (VI.99) 

a i 

Negative rise (decay) time /#\3' in the transistor T, collector is /296 
i 


linked vith restoration of the charge in capacitor Co and is computed in the stanaard 


way? 


15! = 2.3C Res. (VI.99) 
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Ducing time interval ti--tos transistor 4 is maintained in the blanked state 


due to capacitor C, voltage. A new multivibrator reversal occurs when voltage 


me ee ee 


*; reaches zero (moment ty). Rise times >" and @y' are determined from formulas 


\VI.98) and (VI.99), in which resistance and cupacitor indices must be changed. 





Figure VI.45. For Cetermination of Shaped Pulse Duration. t 


We vill use Figure VI.45, which depicts the nature of the change ir. transistor 
base blanking voltage betveen tyvo reversal moments es and ¢.=%, ,for @aproximate 


determination of generated pulse duration % and repetition period T. 


The folloving ‘designations are used here: 
Uy > Dlanked transistor initial base voltage; 


E -- voltage level to which the ex ential curve will strive; 
G > 


‘w — pulse curation ceternined by tine of blanked transistor state. 


Base voitace during the time interval beiny examined changes by the lav of 


exponents: 


t 
z 


te — E+ (Us Ele ‘ (VI.190) 
yivco T oe taming capacitance reenarze time constant. 
She 
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In accordance vith (V1I.100), pulse duration where «,=0 is determined /297 


/ iN 
f =tInil+—). 


(VI.101) 
The time constant in the multivibrator circuit being examined is determined 

from (V1.97) if you do not consider the shunting action of the blanxed transistor, 

vhile the voltage iavel to which the exponential curve vill strive equais fC, . 


Considering that lL’. #Ucwexc=&e°, we get the pulse duration formula 


u 


fp etin2 = O72 S7R,C. (VI.102) 


Pulse repetition frequency in a symmetrical multivibrator equals 


T, =2t, = 1L4R,C, (VI.103) 


and, in an 3symmetrical multivibrator 


T, = 0,7 (Ry, Cr+ Ry). (VI.104) 


These formulas are approximate and may have an error factor of 10% or more. 
And, they are ut viable at all for incr2ased temperatures, One must consider 
lanked transistor shunting by the inpit netvork in order to obtain more precise 


rocnwlas. 


we vil examine the shunting «ection of the blanked transistor base network 
gnenm the omitter-bacse jgumction choracteristic approximates the theoretical, i. 
“a, if correcponcs to 2 DSlanked pn-junction characteristic. ‘We vili consider 
25 constant in the entire pnejunction volt-ampere sector. 


Tha snuntany current /, 
Im this event, the blanked transistor input netverk 1s equivalent to an ideal 
current generator and the recharging netvork circuit vill lec« like that cepicted 


in Pasture ST .460% 


lt :s possible ta cetuce this ciccuit to cre with an /298 





pacitance magnitudes 
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Figure VI.46. Capacitor Recharge Equivalent Circuit: 
(a) -= With a current generator; (b) -~ With a voltage generator. 


equivalent generator Fie/,#,(Figure VI.46b). It follows from this that shunting 


will lead to a voltage uncrease in the recharging network to value 
BE’ = Ey + 1aRg. (V1I.105) 


This facilitates more rapid capacitor C recharge and pulse duration reduction, 
The exponential curve corresponding to the case undez examination is depicted 
by the line of long dashes in Figure V1.45. Pulse duration cansidering shunting 


vill equal 


, <3 peer sere 
t= RCin(t = Ere take) (VI.106) 


Since Uy~+&, 9 a multavibrator, then expression (VI.106) may be revritten 


in the forn 


; 7 1 \ 
f= RE Ia Saree i; (1.107) 


l+—-—— 
“2 


where R soba -- shuntinc resistance, 
wo oa a 


fate os sentetines is refer.ed to in the literature [13] as the multiplying 
factor of a aunts when Lhe temperature increases, smurt current magnitude vill 
rise, the multiplying factor of the shunt increases, and generated pulse duration 
decreases. It is clear that it is desirable to select resistance R, of the lovest 
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possible magnitude compared vith R» magnitude in order to decrease the shunting 


action in the circuit. 


Resistance Rw magnitude in P13--P116 type germanium transistors at a temperature 
of +65° C will fall in the range of 0,3--6.8 megohms (£x=10=30V). Under identical 
conditions, resistance magnitude for Pl0l--P1103 silicon transistors is 


PRa=(8+70) megohms, vhile that of a P104 transistor is about 100 megohms. 


EXERCISE VI.17 


What constrains the threshold of a resistance + decrease? (Page 486) 


EXERCISE VI.18 


The following is given for a symmetrical multiv:brator: RaeRem'® kilohms; 
Cy = C5 = 10,000 pF; £& = 30 V. Determine pulse duration ‘ relative change 
vhen temperature changes from +20 to +65° C if the folloving transistors are used 
in the circuit: 

Pl4 ( Js 10 vA at #20° C and Ja = 60 uA at +65° C); 


P106 ( te = 1.0 uA at +209 and fm = 6.0 uA at +65° C) 


Form a conclusion about the applicability of formulas (VI.102) and (VI.107) 


based on obtained results. (Page 486) 


2, Monostavle Transistor Multivibrators /299 


me 





Figure VI.47. Emitter-Coupling Mcnostable Multivibrator. 
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The emitter-coupling monostable multivibrator (Figure VI.47) is the most- 


widespread trigger circuit variant. This circuit is analogous to a “positive"-grid 


and cathede-coupling tube multivibrator (Figure VI.19). 


We vill examine the somevhat-simplified operation of this circuit, considering 
that the processes of clean-out and regeneration are of negligible duration, and 
there is an instantaneous change of currents and voltages during reversal. We 


will evaluate rise time and factors impacting on their duration at the end of 


this section. 





U9 1 { 


Figure VI.48. Time Oiagrams Illustrating Monostable Muitivibrator Operation, 


Curves illustrating circuit operation are depicted in Figure VI.48, 


Transistor T, is unblanked in the initia] stable state due to negative voltage 


fy. supplied to its base across resistance Rs. . The transistor iP saturation 


mode is used for reliable cperation. In this case, the voltage drop betveer 
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transistor T, electrodes is slight (transistor ', "is shrunk’ to the point) and 


this transistor's currents are determined by ratios: 


a E, log  —— 
st Ra +t R and o Ry + R, 


fan 
The transistor T, condition, written in overall form ig, Dla =-> , May 


be expressed by circuit parameters 


(Rat Ri) >Re + Ry. (VI.108) 


Considering that aluays Ry>R, , expression (VI.108) has the form 
(Rar + Ry) 3 DR. (V1.109) 


Transistor Tt emitter current creates a voltage drop across resistance /300 
R, 
u : E,R ~ E,&, 
om dy, me Ricks +R Rae he: 
Ras + Re is (v1.110) 


vhich is blanking current for transistor Ty. 


Negative unblanking voltage from divider Ro» R, is supplied to transistor 
Tt base.* The voltage divider must be computed so that transistor TY is blanked 
in the initial state, i. e., ‘'Usni<ily,!. The follewing simple ratio expresses 
base potential 


‘ R, 
Cs=Aa pe (VI.111) 


in which the voltage drop across divider resistances due to blanked transistor /301 
T, current /». is not considered since a lov-resistance (on the order of unities 


1 
of kilohms) divider Ro--Rs is selected for temperature stability. 


It is possible to write the condition of transistor NN blanking in the initial 


state using circuit element magnitudes from ratios (v1.110) and (VI.111) 





“We will examine the purpose of this divider below. 
369 


TT ea NN A, 


1 SR, 
a 


a2 amg 


Ry R, 
>Re. (VI.112) 


Capacitor C in the initial state is charged to voltage 
Up. é,- ber TR TE - Uy. . 


Both negative pulses supplied to the blanked transistor base network and 
positive pulses supplied to the unblanked transistor base network may trigger 
Positive-polarity pulses may trig->r the circuit being examined 
Diode D in the initial state is blanked since voltage 


the circuit. 


across trigger diode D. 
—&. acts at its plate and (—&.-/,.R.,!acts at its cathode. 


Transistor ty collector potential increases upon trigger pulse arrival and 
this increase is transmitted across capacitor C to the unblanked transistor ', 
base. As a result, excessive carriers at the base are cleaned out and transistor 
T, converts to the active region. Current across transistor T, decreases, the 


voltage drop across resistance RP, also Cecreases, and transistor t unblanks. 
- The rise of 


Onset of current ‘! vill lead ta an increase in potential 4x. 


transistor V collector voltage is transmitted across capacitor C to the transistor 
T, base, blanking it. The positive feedback network turns out to be closed and 


2 
a reversal occurs in the circuit, as a result of which transistor tT, blanks, while 


transistor u undlanks. 
Since transistor t collector potential rises following reversal, then trigger 


diode D blanks, thus cutting the trigger netverk out of the multivibrator circuit. 


Tt 1s desirable in the quasistable state reached to provide a transistor 


t saturation region for the folloving reasons. First, a more rapid rise in collector 


voltage occurs yvhen there is sufficiently~great input current ‘. required to 


convert the transistor to saturation '‘6i>/ew) , i. e., pulse rise time is reduced. 


ls saturated, it is pcssible to obtain maximum pulse 


Second, when transistor a 
Third, and finally, 


enplitude essentially incependent of the transistor itself. 
transistor " does not impact upon capacitor C recharging current magnitude and, 
consequently, pulse curation will depend only on circuit parameters (vithout 


consideration of blanked transistor T, shunting). 
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The following inequality must be satisfied with sufficient reserve in /302 


order for transistor iy to unblank and moreover for its saturation 
Ua >i’). (VI.113) 


Here (.. -- base potential, while ~) -- transistor th emitter potential after 


reversal, 


Since divider Ro» Rs current significantly exceeds unblanked transistor TY 
base current, then the potential of its base changes slightly (one may consider 


that U,,= 0) and is determined :n accordance with (VI.111). 


The following evident inequality must be satisfied in the transistor "7 
saturation region 


é uRs 
UL = LR, > IR, =O, (vI.114) 


i. e., emitter current rises after saturation due to base current where collector 
current /*".- is unchanged. It is possible to determine the latter's magnitude 


from formula 


, = E,— 1, Ry — tan Pe E.— 18, 
nan Ra Ra (VI.115) 


Substituting (VI.115) in (VI.114) and making simple transforms, we get 





Ui=/,R,> eos (VI.116) 


Hence, the transistor Ny saturation condition in the quasistable state, in 


accordance with (VI.113), may be expressed by circuit parameters 


R a 
Be. V1.117) 


Equating expressions (VI.112) and (VI.117) and assuming a= 1, it is possible 


to note requirements for a ratio of collector resistance magnitudes at vhich the 




























requirements for transistor t blanking in the circuit's initial state and saturation 


in the quasistable state simultaneously are satisfied, i. e., 


RP a, 
Ra > Res (VI.118) 


This is clear alse from physical considerations: transistor tT, current, 


dependent upon Re: magnitude, creates a voltage drop across resistance &.. , 





vhich is blankirg for transistor 3 in addition to this, transistor TY current 
must not create a large voltage drop across resistance Rs in order not to hinder 
saturation of this transistor, i. e., Inge. . In practice, the fullowing usually 
is selected 


Ry, =(135+2)R,; 


We will note that, as opposed to a tube multivibrator, it is impossible /303 
in this circuit to eliminate resistance Ro Since, here, negative bias required 


for transistor N unblanking will not be supplied to its base. 
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(4) 


Figure VI.49. Equivalent Capacitor Recharging Circuit. 
(c) — To Tr, base; (d) -- To T, emitter. 


Capacitor © recharges after circuit reversal along netyork -E£,, RF, , transistor 
My c, Ra, —Ey., A capacitor C equivalent recharging circuit is depicted in 
Figure VI.49a. The shunting influence of blanked transistor tT, is not considered 


an this circuit. 





Ot Ne 


ers 


a 





In accordance with this circuit, the voltage to which the capacitor will 
strive to recharge equals 


’ ore Eo 
Come = IE LU = eR (VI.119) 


There is a minus sign in expression (VI.119) since, when the process is 
completed (if transistor T, is removed imaginarily), capacitor voltage polarity 
will change in comparison to its initial polarity. Consequently, considering 
initial voltage (.) , the law of voltage change may be written in the form 


t 


te = — Cowen 7 (Cer + Coumde 


(VI.12Q) 
Fp Rhee eR 
where ty) = C:R,+ Boj SCM, -- capacitor recnarge time constant. 


Transistor T, will unblank at the moment when capacitor C voltage reaches 
the zero level u-=0 . This assertion is justified since unblanked and saturated 
transistor T, will be "shrunk" to a point and it is possible to assume that 


a 
urgsur , Hence, pulse curation along the base, without consicering the porch, 


may be obtained by substitution of values U,, amd Ue in formula (VI.120), /304 


assuming (t=l,y : 


= In Re tR, ~ Ryn = Rerie, + Pe) 
paep Ruth, + Ree (VI.121) 


= 


The impact of shunting on output pulse parameters is considered precisely 


in the same manner a3 was the case in the multivibrator circuit. 
Amplitudes of the shaped pulses are determined from formulas: 


o (VI.122) 
Oe = E, — 1 Ruy Cen — & (= E,—-U,. 
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Emitter current (/., appears following transistor 1, unblanking and transistor 
emitter potential decreases. This will lead to an increase in voltage between 
transistor NN base and emitter and, cansequently, to a decrease in current iy; 


anc voltage uy, . The collector voltage reduction is transmitted across capacitor 


C to the transistor Ts base, causing its current i.; to increase. A second 
avalanche-like process arises in the circuit and this process concludes with 
transistor ny blanking. The small voltage drop across the transistor LT collector 
at the moment of the second reversal explains the presence of resistance , (Figure 


VI.48b). 


Next, reestablishment of the circuit's initial state occurs. During this 
period, capacitor C charges zlong the netvork +s. ®, , To emitter-base path, 
C, Ru, —E, « The capacitor charge time constant may be round from the equivalent 


circuit (Figure V1.49b): 


EAU pee Ae 


tap C (Rut Gee). (VI.124' 


Recovery process duration 


MN Ete 


pon 


ty (BAS) typ = (FASC (Re + apt). (VI.125) 


te 


EXERCISE VI.19 


a) What is the best vay to control pulse duration in an emitter-coupling 


multivibrator? 


aaah tle Nee ame 


b) Is it possible to change pulse curation by changing Civider Ro» R, 


resistances, as is the case in a tube multivibrator circuit? (Page 487) 


Rise time, Pulse «,,; shaped in the transistor T. collector usually is used 
as an cutput pulse. This pulse has a good porch and dreop shupe. Pulse {305 i 
rise time will depend on the magnitude of the triggering signal and has magnitude : 
fp: St, given great input current i, . A high input current magnitude may be 
cbtained either due to trigger pulse source or due to transistor a collector f 
current (see Chapter VI, § 6), which at the reversal stage, will assist in transistor 


T, blanking. Cecay time ter, may be obtained from expression (V.23), in vhich 
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Ieatiing and /n=/a; must be placed. As pointed out above, at the reversal 
stage, transistor ' base current is equal in magnitude to transistor u collector 


current, i. e., 


£0 Po ed ee 
067 fa Ry + R, (VI.126) 


oa 


Collector current /yy. may be determined from the formula 


E (VI.127) 


oie 
tear = Bre Re 


Therefore, decay time equals 


(eee a pie arene cas + 


les oe doa Fe 
begs = 73 sig Raa m Rye” (VI.128) 


Decay time may range from several tenths to unities of microseconds vhen 
low-frequency P16, P42, P103, and P104 transistors are used. Rise time can be 
reduced to hundredths of microseconds when high-frequency P403, P410, P416, and 


other such transistors are used. 
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A pasitive-pnlarity pulse has a relatively-good porch shape and an elongated 
droop. Rise time will depend on transistor " operating region, i. e., on current 
ve, and current /y, magnitude. A rise time reduction to magnitude f,,>+*, requires 
an increase in base current i, magnitude during the regerzration process by shunting 


resistanc -, vith a capacitor of relatively-great capacitance (to several thousand 


Prete ne ee ee mee 


a). Puls: «. rise time vill depend on the capacitor C charging time constant 


and bas magnitude ¢, 





Cigure VI.5Q. Cutcff-Diode “onosiable Multivibvrator: 
(a) =~ Circuit; (b) -—- Time diagrams; (c) -- At point A. 
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A cutoff diode employed in the manner depicted in Figure VI.50a 1s used widely 
to make a fundamental improvement in pulse u,, droop. At the moment pulse shaping 
ceases, dicde D blanks due to the drop in transistor NN collector potential, cutting 
capacitor C out of the collector network, Here, a steep edge arises in the collector 
(Figure VI.50b), while capacitor C charges across resistance R. Circuit recovery 
Lime fyrerep= 1359) (8 -R. RIC is somevnat greater than in the Figure VI.47 trigger 
circuit with identical parameters. Diode D is unblanked in the initial state 
and R, and R parallel connection determines transistor qT cellector ioad /306 
magnitude. Resistances R. and R selected usually are identical and equal double 


the R, magnitude in the Figure VI.47 circuit. 





(a) 


Figu:s VI.S1. Divers2-Conductivity Monostable Transistor Multivibrator: 
(a) -- Circuit; (b) — Time diagrams. 


A diverse-conductivity manostable transistor multivibrator circuit (V1.51) 
1s finding vide practical use. The comparatively-lov recovery time is its main 


advantage. 


We gill examine the physical process in this multivibrator circuit. Transistor 
T, (rpn-type) is urblarxed in the initial state since voltage positive relative 
to the omitter 15 scoplied to its base. Its saturated state is insured by selection 


Qi resistarc? 2 amt ? . magnitudes 


i a, (v1.129) 





a ene eee ten epee som 


Since the voltage drop across the transistor ', collector-emitter path /307 
is slight, then negative voltage close in magnitude to source voltage &. is applied 
to the transistor b base across resistance Rn, . Consequently, transistor T 
{pnp-type) alsa is unblanked and saturated if the following condition is satisfied 


Bae. (VI.130) 


There is slight negative voltage in the transistor tN collector. Therefore, 
the capacitor is charqed to a voltage almost equal to £, . Voltage polarity 
is depicted in Figure VI.5la). 


Capacitor C begins to discharge and excess charge clean-out occurs in the 
transistor ', base vhen a trigger pulse of negative polarity is supplied. As 
seon as the transistor qT, operating point turns out to be in the active region, 
the potential of its collector begins to increase, causing an increase in transistor 
Ty base potential. Transistor TY blarking is accompanied by a decrease in its 
collector potential. The positive feedback netyork turns out to be closed and 
an avalanche-like process occurs in the circuit, leading to the blanking of both 


transistors. 


Previously-charged capacitor C begins to recharge across resistances PR; , 
PR, Ps , striving to recharge itself to voltage ~é£, . Here, current «. creatcs 
a voltaje drup of negative polarity (relative to the common point) across resistance 
ary 35.3 result of which transistor tT, is maintained in the blanked state. 
[ts collector voltage has a slight negative magnitude (Figure VI.51b) and, thus, 
transistor T, also is blanked. Since usually A, iRk,.-Ri, transistor T, unblanks 


at the movment thet capacitor voltage achieves the zero level. 


Trans..tor 7, coliector potent:al b» »s to decrease vhen it umblarks, causing 


ae 
- 


Scanmcictoar T, umblarking. An avalanche-lixe process arises again in the circuit, 
gith the result that the circuit returns ta the initial state. After this, the 


capacsatar begins t2 charge through the metverk -f,, transistor Th R, C, transistor 


T, casewenitter patn, %. - ° . Resistance R is connected to constrain the capacitor 


. 


cnarg.ng current macnitude, vnicn dces not exceed the maxinum-permissible magnitude 
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of current across the transistors. Resistance magnitude usually will fall within 


the bounds of several hundrec ohms. Circuit recovery time 


fee HUSH VRC, (VI.121) 
since unblanked transistor NY resistance and resistance . are much less than 
R. 
The flow of sufficient!y-large base current «©. will lead to forced establishment 


of transistor T, cellector voltage, i. e., rise time ry, turns out to be slight. /308 


Pulse duraticn in this circuit may be determined just as it vas in a multi- 


vibrator (see VI.101): 


6 = Ci Ry = Ryo Rin + Se) = orer,.,, (VI.132) 
Since 2., vt Ry, +R), 


This multavibrator may shape pulses vith 3a very high cuty ratio. 


ilaximum duty ratio ~.v be cetermined from the expressicn 


t OTR, 
estes ‘ eh ae tPay Ls 
9 faueces Sm on (VI.123) 
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EXERCISE VI.ce 


betaine pBiearers eah Soot 


Cetermine the aaximun gulse cuty ratis in a mulewrbrator Figure VI.52) 
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wher  #., 2 19 kilobms, ® = 200 anes. (Page 438) 
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CHAPTER VII /309 


BLOCKING OSCILLATORS 


3 1. BLOCKING OSCILLATOR GENERAL CHARACTERISTICS 





pigs nd Bs eens Uy 


Figure VIi.l. Simplified Blocking Oscillator Circuit. 


A blocking oscillator is a relaxation oscillator which generates short-time- 
duration pulses and is a single-stage amplifier with trans.ormer feecback (Figure 
VII.1). Varied methods of pulse transforver winding connection are used to satisfy 
phase self-excitation conditions, 1. e., to create positive fee.Dack. Thus, for 


example, transformer yvindings, which accomplish the coupling between plate and 


ee ee ‘ 
a ee 


379 








~ NR te ae a 


a me a a I ge et em 
eng aoe 





iii Kcniivicoumassra maith ok eau Ee er ee 


grid networks, are connected in opposition to each other in a electron tube inverting 
amplifier circuit.* Thus, a transformer, just like a tube, inverts the signal 

and the resultant phase shift turns out to equal 22, meaning that a regenerative 
process is possible vhen amplitude self-excitation conditions are satisfied in 

the circuit. Presence of only one amplifying element (of an electron tube or 
transistor) is a very valuable blocking oscillator property. The following should 


be added to the list of other blocking oscillator advantages. 


A vlocking oscillatur makes it possible to shape essentially square pulses 
with a duration ranging from unities of nanoseconds to several tens of microseconds, 


with a broad range of change in their repetition frequency. 


The power of the shaped pulses, given nigh duty ratio ( 2 > 1000) Fi 
be 
turns out to be very high even when lov-pover amplifying tubes or transistors 
are used. This is expiained oy the fact that it is possible to otain currents /310 
greatly exceeding currents permissible during a continuous operating mode in tubes 
and transistors due to a pulse emission or injection, given large control signals. 


Restoration of emissivity then occurs during resting time. 


For this reason, a blocking oscillator has very low internal resistance as 


a pulse is being shaped and may operate a low-resistance load. 


Pulses of varied polarity may be obtainec from pulse transformer windings. 


The amplitude af these pulses may exceed <upply source voltage. 


A blocking oscillator circuit is simple in design ano will comprise few radio 
components. The pulse transformer is the only element of complex design. However, 


recently ferrite ring cores were introduced and transformer production technology 


has become less complex. 


The following are among the most significant blocking oscillator shortcomings. 


First, presence in the circuit of such accumulators of energy as transformer 





"Black dots are used in Figure VII.1 to designate opposed connection of the 
origin of the plate and grid vindings. 
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inductance and stray capacitance will lead to onset of oscillations, which, in 
some cases, is extremely undesirable and recuires special measures to eliminate 
them or to decrease amplitude. Second, a blocking oscillator places a heavy load 
an the supply source as a pulse is being shaped (very high current flows across 

a tube or transistor) and, when a lov-power source is used, the voltage in it 
drops. This may impact negatively on the operation of other circuits connected 
to the same source. Therefore, decoupling filters always will be installed in 


the supply network to prevent source overload. 


A blocking oscillator, like other relaxation oscillators, may operate in 
a monostable, free-running, and synchronization mode, All these modes will find 
use in various radio-technical devices. Specific blocking oscillator uses include 
employment as generators of modulating and sync pulses in radar stations. Blocking 
oscillators are used in television equipment to shape saytooth voltages and currents. 
They are used in electronic computers as lov-resistance switching circuits, pulse 


counters, and so forth. 


[It should be noted that analysis of the operation and determination of the 
quantitative ratios determining blocking oscillator parameters are complicated 
to a significant degree by the circumstance that, in general, tvo varied energy 
accumulators must be considered: transformer stray and timing capacitance and 
inductance. In addition, operation of the circuit amplifyirg element occurs in 
the region vhere the volt-ampere characteristic is nonlinear to a creat degree, 
where satisfactory piecewise-linear approximation is impossible. Therefore, /311 
a graphical-analytical method using tube or transistor pulse dynamic characteristics 
is used to analyze the processes in a blocking oscillator. A detailed examination 
of graphical-analytical methods of evaluating blocking oscillators has been made 


in the literature (2, 3, 8). 
5 2. ELECTRON-TUBE BLOCKING OSCILLATOR PHYSICAL PROCESSES 
1. Monostable Blocking Oscillator Basic and Equivale.t Circuits 
We will examine physical processes in a blockiny oscillator using a free-runnino 


circuit as our example (Figure VII.2a). Here, the blocking oscillator is assembied 


on ues bo» vhile tube Ly will serve as trigger pulse amplifier. Bath tubes are 
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Figure VI1.2. Free-Running Blocking Oscillator Schematic 
Diagram (a) and [ts Equivalent Circuit (b). 


blanked in the initial state. Tube Lo is blanked due to the voltage drop across 
the divider in resistances Rie Ro from negative bias source ES As was the case 

in monostable multivibrators, divider parameters are selected in such a way that 
condition jl',:>1,5 &, is satisfied for reliable tube blanking. Capacitor 

C connected to the grid network is charged to this voltage. Connection of windings 
wy) and Wo in opposition provides positive feedback between plate and grid networks. 
Load winding 43 connection may be random depending on required output pulse /312 
polarity. The presence of a load winding is not required in principle. For instance, 
low-resistance resistor &, (on the order of several tens of ohms) mav be cennected 
to the cathcde netvor« to obtain poesitive-polarity pulses. The influence of this 
resistance usually is not considered when analyzing blocking oscillator operation 


because it is so slight. 
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Resistance #, and capacitor C, form a circuit and plate feed source E. 


decoupling filter. 


Transformer winding stray and tube electrode capacitances must be considered 
along with the aforementioned elements since they impact materially on shaped 


pulse rise and decay time. 


One may disregard pulse transformer winding leakage inductanc> sincedesign 
measures reduce them to a ninimum; 4. e., "tight" coupling is used, in which the 


coupling coefficient between windinus 





where Ly -- plate winding inductance; 
Lo -- grid winding inductance; 
M <= mutual inductance. 


In future, we will examine only transformer plate and grid windings for 
simplicity in blocking oscillator operational analysis. It is possible to convert 
resistance R, into plate or grid network in order to evaluate the impact of this 
resistance, connected to the third winding. Let us assume, for example, that 
the resistance is converted into the plate network and, in accordance with (TI.68), 
equals 

R=, at, 


where n= -- transformation ratio vetween load and plate windings. 


We will ase:me ~ our examination of the physical processes in the blocking 
generator that tot:.' equivalent capacitance has been brougnt to the transformer 
grid winding. In tis event, the simplified blocking oscillator circuit may be 
depicted as shown in Figure VII.2b. Circuit operation may be divided into three 
stares: triggering and pulse porch shaping, tilt shaping, and pulse droop shaping. 
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2. Pulse Porch Triggering anc Shaping 


A positive-polarity trigger pulse is supplied to trigger tube Ly grid, whose 
load is pulse transformer winding Wy. If trigger pulse porch steepness is suf- 
ficiently great, then a negative-polarity pulse is induced in the tube Lo plate 
network. This negalive-cal:arity pulse in turn is transformed to the grid /313 
network in the form of a positive-polarity pulse.* Tube Lo unblanks and plate 
current i, flowing across resistance R, and transformer winding vy arises in 
the plate network. Having designated these curre::t components as ;, and ins 


it is possible to write (,2;,+i, - 

The flov of current i in the primary winding causes onset of self-induct ion 
e) emf, whose polarity is depicted in Figure VI1.2b by the uncircled signs. Mutual in- 
duction emf e5 arises in the grid network due to coupling among windings, increasing 
tube Lo grid voltage. This will lead to a further plate current rise and, conse- 
quently, also to a current iy rise. Thus, the positive feedback network turns 
out to be closed and an avalanche-like current and voltage change in the circuit 
is possible if the amplitude self-excitation condition is satisfied. The avalanche- 
like current and voltage change in a blocking oscillator circuit has teen referred 
to as the blocking process. A forvard blocking process will lead to a rapid rise 
in grid voitage, a growth in plate and grid current, and a voltage drop across 
the tube plate. Cessation of the blocking process is linked with a decrease in 


grid current rate of change, given large positive grid voltages. 


It should be considered that, as a result of blocking process rapidity, capacitor 
C voltage and energy of the transformer magnetic field do not succeed in changing. 
A change in magnetic field energy is linked vith a change in magnetizing current 
I, This current, for example, brought to the transformer plate viding, may be 
determined in the following way. Onset of current iy in plate winding wy is 
accompanied by a chance in magnetic flux and appearance of grid winding Wo voltage. 
Current io» which arises in the grid winding as a result of the presence of e 
enf, is directed so that it opposes a magnetic flux change, i. e., it cecreases 





*This is mot the only method of triggering this type circuit. For example, 
it is possible to trigger the circuit vith positive-polarity pulses supplied 
divectly to the tube Ls grid network across a low-capecitance coupling capacitor. 
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the magnitude of total ampere-turns. The resultant magnetic flux magnitude is 


proportional to the magnetizing ampere-turns: 
fe, Shi, — byte. (VII.2) 
Heving divided both parts of equality (VII.1) by Wy, we will get 
[=i,- +, (VII.2) 
where no -- transfornation ratio between grid and plate windings. 


In accordance vith current direction depicted in Figure VII.2b, it 1s evident 


for a forward blocking process that 


hei 


and 


Bie teg tke (VII.4) 


Substituting these values for cuztents iy and is in expression (VII.2), for 


magnetizing current ve finally vill get 
fai,—(i,+ 2+ 2) (VIT.5) 


It is evident from the formula obtained that magnetizing action by the rising 
plate current is compensated for by the demagnetizing action of the simultaneously- 


rising remaining currents ‘s/c éa . Therefore, magnetic field energy w,=2,5 


during the course of the entire blocking pracess essentially remains equal to 


zero since there are no currents in transformer windings prior to triggering. 


We will examine the development of a forward blocking process in more detail. 


The condition for onset of an avalanche may be written in the following farm: 


kq> i, (VII.6) 
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& -- stage gain; 
gaca= -- voltage transfer constant from plate to grid. 

Grid and load winding resistances must be brought te the plate network to 
Getermine stage gain. Here, one must consider that, ini‘ially, grid voltage is 
negative and grid current is absent. Therefore, load resistance connected to 
the grid vinding is very great and one may disregard grid network shunting action. 


As was demonstrated above, load resistance brought to the plate network has ‘nagnitude 


R= Ryn 


Consequently, one may write the expression for stage gain as 





aR. R 
= = ! ‘= z VII.7 
iS R. +R, aR R= SR wee 


where S, -- dynamic slope of the plate-grid characteristic. 


Hence, the condition for onset of a forward blocking process is determined 


by the ratio 


S,Rn 
aes 5 (vir.8) 
or /315 
a 
ae (VII.8a) 


The latter inequality demonstrates that onset of the blocking process requires 
that tube dynamic slope at a minimum exceed the load characteristic slope by a 
factor of n. Consequently, trigger pulse amplituce must be such that the operating 
ooint during triggering shifts to the region of sufficiently-large tube plate-grid 


characteristic slope values where condition (VJI.8a) is satisfied. 


Since grid current is absent at the onset of a forward blocking process when 
u_< Q, then current i, arising under the stimulus of ey emf closes acress stray 
capacitance C(., , charging it. Grid current appears when voltage Ug achieves 
the zere level and part of current io flows across the tube grid-cathode path. 
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A rise in grid current occurs due to a further voltage Ug increase, vhile grid-cathode 
path dynamic resistance R,, drops. In this event, grid network shunting action 
rises and the condition for blo:king process exis’-ence must by written with con- 


sideration for resistance 2,, =,” brought to the plate network. 





Thus, 


SR 
— (v1I.9) 


Here 
R, = Rae 
: Ryt Ra 
Condition R,>R, usually is satisfied in practice, given positive grid 
voltages. In this case, inequality (VII.8) may be revritten in the form 


SaRee = SyRyet > |. (VII.10) 


n 





Figure VII.3. Illustration of the Change in Plate and 
Grid Currents Ouring the Pulse Shaping Process. 


t 

{ 

} 

| 

| Condition (VII.10) for existence of a forward blocking process ceases to be 
{ 
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satisTiod in the region of large positive grid voltage values due to the 1ise 

in grid current characteristic slope and decrease in the plate current characteristic 
slepe (Figure VII.3). The latter is explained by the fact thac transformer winding 
vol.ayes will rise when grid voltage rises, while tube plate voltage us 3 ES — 8 
drops. Therefore, electrons are redistributed betveen plate and grid and xlate 


current decreases. 


Value $,Ran vill become equal to unity at a certain noment in time and 
the condition for existence of a forward blocking process ceeses to be satisfied. 
Consequently, the rate of voltage rise in the circuit stops increasing. /316 
Nonetheless, pulse porch shaping continues and the voltages and currents in the 
circuit continue to rise. Physically, this is explained by circuit inertness 


caused by the presence of shunting stray capacitances. 


Ir actuality, current i,, , which branches into equivalent stray capaci’ance 


C, » ese during the avalanche~like chanye in e5 emf, 


Voltage in the transformer grid w‘i:ding and current across stray capacitance 
Cy connectea to this winding are coupled by known relationship 


— nw dey 
tea = a ae 


It is evident thereby that current icg reaches its maximum value at the moment 
the condition for an avalanche-like change of voltages ceases being satisfied 
and the rate of e, emf rise stops increasing. The presence of inductunce in the 
grid netvorx does not allow this current to disappear instantaneously. Conse- 
quently, this current will begin to decrease. But, the self-induction emf arising 
here in the grid netyork will strive to maintain decreasing current ic¢g . Therefore, 
the rise in transformer winding voltages continues, even though the rate of their 
rise begins to drop, i. e., the reversal process will be celsyed. The rise in 
transformer winding voltages will cease when current i¢, equals zero and, vith 


this, the reversal process ceases. 


The tube operating point turns out to be in the region of significant grid 
current slope and very slight (or even negative) plate current slope (Figure VII.3). 


Here, magnitude Y.".% -"+ and avalanche-like voltage and current changes are 


impossible, 
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3. Pulse Tilt Shaping 


bs Mane 





Figure VII.4. Monostable Blocking Oscillator Voltage and Current Curves. 


Capacitor C voltage (Figure VII.4c) and transformer magnetizing current I 
essentially did not change during rapid porch shaping. Relatively-slow /317 
processes linked with the rise in transformer magnetizing current I and capacitor 
C charging begin to occur following the reversal in the b’ocking oscillatcr circuit. 
It is possible during this period to disregard the influence of the stray capacitance 
since current ;,, is infinitesimally small during the relatively-slow channes 
in potential. QJne also may overlook the influence of plate current on oncoing 


processes during the intitial stage of pulse tilt shaping since the plate 
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characteristic slope is slight. The grid characteristic slope is areat and, 


therefore, grid current changes determine circuit state. 


Grid current will charge capacitor C since voltage eo is positive relative 
vo tube grid. Tube grid voltage u, = e;—uc decreases due to capacitor charging, 
which in turn will lead to a grid current decrease. In this event, the grid current 
decrease causes appearance of self-induction emf in the transformer grid winding. 
‘Mutual induction emf arises in the plate network due to winding coupling. The 
Signs cf these emf are retained, just as was the case during a forward blocking 
process (the uncircled emf signs in Figure VI1.2) in accordance with the law of 
electromagnetic induction. Transformer winding voltages change relatively slowly 
as a result. Magnetizing current I rises during this period mainly due tc the 


gcid current decrease coupled vith a gria voltage decrease. 


It should he noted that tilt shape may vary depending on the magnitude /3i8 
of capacitor C capacitance. Capacitor C charges rapidly and grid current will 
decay rapidly, given sufficiently-slight capacitance. (several hundred pF). In 
this event, a sharp grid current decrease vill elicit appearance of relatively-large 
self-induction emf and its magnituce may exceed that of eo emf extant at the moment 
of pulse porch cessation, A rise in grid winding voltage will lead to a slight 
decrease in tube plate voltage (dotted curve 1 in Figures VII.4e and VII.4f). 


The capacitor voltage rise is insignificant if capacitance C is sufficiently 
great (several tens mf thousands of pF) and eo emf will decrease with a decrease 
in grid voltage, i. e., the pulse tilt vill slope (curve 2 in Figures VII.4e and 


VIT.4f). 


Finally, a cecay in voltage Yg may compensate for a voltage u, iise for a 
given capacitance C value, while voltages ey and us will remain approximately 
constant. This event is of the greatest practical interest since it makes it 


possible to shape an almost square pulse. 


Oue ta the valtage decrease, the operating point gradually returns to the 


region where the plate characteristic slope takes on an ever greater value and, 


TTT eo RT Si: ARENT eRe Sk ea. eae ame vemagtenelinent Aetenestaper even anenee, 
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at certain point 4 (Figure VII.3), reaches 2 mcyn.tude at which the condition 


for existence of a hlocking process again 1s sutisfici.* 


The pulse tilt shaping stage ends here. [i snould be noted that the duration 
of this process and, therefore, that of the shapea pulse, will depend on the capacitor 
charge rate, determined by the R,,C time constant. Therefore, it is possible 
within certain limits to control output pulse duration by changing capacitor C 


capacitance. 
4. Pulse Droop Shaping and Circuit Return to Initial State 


An avalanche-like process leading to tube blanking arises again in the circuit 
as soon as the operating point turns out to be in the characteristic region where 


slope §, is sufficiently great and inequality (VII.10) begins to be satisfied. 


In actuality, a voltage u_ reduction due to capacitor C charging - gins to 
causc a noticeable piate current decrease. This leads to appearance of self-induction 
emf in the plate network, which strives to maintain the decreasing plate current 
(the polarity of this emf is depicted by the circled signs in Figure VII.2b). 
Mutual induction emf arising here in the grid network leads to a decrease in resulting 
winding Yo voltage. Now, voltage Ug drops, not only due to capacitor C charging, /319 
but mainly due to the voltage decrease in the transformer secondary winding. 
This in turn leads to a further, sharper, plate current decrease. Stray capacitance 
Cy, begins to discharge during this process and a further rise in megnetizing 
current [ occuczs due to the flow of current i-, across transformer windings. 


The ceveloping avalanche-like process (the so-called reverse blocking process) 
leads to rapid tube blanking. The capacitor turns out to be charged to a certain 
voltage Uc wae after tube blanking (Figure VII.4c). Magnitizing current also has 


a maximum value /wae . Relatively slow processes linked with capacitor C discharge 


across divider resistance and vith a magnetizing current decrease now begin in 


the circuit. Equivalent transformer parameters determine the nature of the 


magnetizing current decay and may occur in an aperiodic or oscillating manner. 


“Strictly speaking, a reverse blocing process fiows along other dynamic 
characteristics since another voltage acts in the tube grid cue to capacitor C 
charging. However, the nature of the reversal processes Nere is unchanged. 
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The nature of the magnetizing current decrease is aperiodic if transforme: windings 


are shunted by sufficiently-low resistances and ceases in the initial period of 


capacitor C discharge, as depicted in Figure VII.4b. 


The quality of the loop formed by transformer inductance and stray capacitance, 
given a low-resistance load, turns out to be great and a oscillatory process with 


initial current Jyae arises in the circuit. 


The aperiodic nacure of magnetizing current change usually is required since 
tube unblanking may occur during the oscillatory mode during positive grid voltage 
half-waves. In this case, the blocking oscillator wili operate in the free-running 
mode and will shape distorted ‘iinusoidal oscillations. in this connection, given 
a high-resistance load, a shunting resistance or damping diode must be connected 


in parallel with tne transfor er. 


Capacitor C voltage will equal Uco=Ll, following cessation of the transient 
processes and the blocking escillator returns to the intital state. 


a 
a 7 


(a) 


“ é 
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Figure VII.5. Pulse Shape at Differert Blocking Oscillator Outputs. 
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EXERCISE VII.1 
Oscillograms of pulses at different blocking oscillator outputs are depicted 
in Figure VIl 5 (see Figure VI1.2a). Determine the output point to vhich each 


of the indicated oscillograms corresponds. Explain the difference in these 


oscillograms. (Page 488) 


§ 3. BLOCKING OSCILLATOR ELECTRON-TUBE CIRCUIT VARIANTS 


1. Free-Running Blocking Oscillator 





Figure VII.6. Free-Running Blocking Oscillator: 
(a) -——- Schematic diagram; (b) -- Grid voltage curve. 


Negative bias source E_ and resistance Ry must be eliminated in order for 
the Figure VII.1 blocking oscillator circuit to operate in the free-running mode. 
In this case, the blocking oscillator will taxe the form depicted in Figure VII.6a, 
in which the tube is blanked due to capacitor C charging during the pulse shaping 
process. The physical processes involved vith pulse shaping do not differ in 
any way from corresponding processes in a monostable blocking uscillator. 


The capacitor turns out to be charged to certain voltage Us. ya,. , which 
exceeds blanking voltage (E o in absolute magnitude, following pulse cessation. 
The polarity of this voltage is depicted in Figure VII.6a, Further, the capacitor 


begins to discharge by the law of exponents = y. (t) me Ucuanel ee ss 
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Tube grid voltage Ug = -U, increases due to capacitor discharge until unblanking 
-altage a is achieved. The tube unblanxs and a revcisai similar to that described 


ezeve occurs in the circuit. 


Resting time duration «, (see Figure VII.6b), during which the tube /321 


is blanked, may be found from the expression 


u(t) a im Ue (t) == Cease 


in which one must assume Ug = red when tat, 


"4 


W(t) =—U "ws ee 


tL wance Qc 
Taking the logarithm of the latter inequality, we will get 
ty = RC In ene AEE = 2.3 RC 1g Sa (VII.11) 


Expression (VII.11) may be used to determine pulse repetition period 
T,=lg+tyt, since a blocking oscillator usually operates in a high duty ratio 
mode. 


Repetition period i is a very unstable magnitude since the slope of the 
exponential curve is very low at the point of blocking oscillator reversal. Large 
Vs changes cause insignificant unblanking voltage E50 c:anges occurring due to 
the change in supply voltages or when tubes are replaced. 


A retarding-field circuit is used to increase the stability of the repetition 
frequency of pulses the blocking oscillator generates (Figure VII.7a). Capacitor 
C in this circuit discharges along network +f.) R, Cc, -E.. Capacitor voltage 
here will strive to the +, level (Figure VII.7b) rather than to the zero level, 
as was the case in the blocking oscillator circuit (Figure VII.6a), i. c., there 
is a tendency towards capacitor C recharge. Consequently, the expr.ential curve 
will be shorter and will intersect the line at a large angle and voltage /322 
Eo instability vill elicit a lesser TS change. 
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Figure VII.7. Retarding-Field Blocking Oscillator: 
(a) -- Schematic diagram; (b) -~ Grid voltage curve. 


Pulse repetition period 1 may be determined, considering that the capacitor 
begins to discharge from level £,+!Ue usc! » Out succeeds in discharging only 
to magnitude £,-'E,,; (see Figure VII.7bC. Therefore 


Fa + 1 Ue axe! (VII.12) 


T= 2,3RC Ig 
av. oye 


It should be noted that the magnitude of resistance R in a blocking oscillator 
is selected in the range of several hundred kilohms to several tens of kilohms, 
at least. This is required in order to decrease the component of grid current 
flowing from the plate supply source. In turn, this measure is stipulated by 
the fact that tube grid current rises sharply at the moment of pulse generation 
due to large positive transformer secondary winding voltages and the power dispersed 
by the grid rises. The heat made of the grid, rather than of the plate, in some 
cases determines the maximum power the tvbe supplies. Thus, for example, 
Piya t 2.75 W, while Pyiaca = 0.2 W for a 6N8S tube, with plate and grid currents 


during the pulse comparable. 


Resistance R within a range of several kilohms and connected directly to 
tube plate is selected in those cases when there is a requirement for a very high 
pulse repetition frequency (on the order of several tens of kilohertz), given 
a relatively-low duty ratio. In this event, the grid current component flowing 
across resistance R decreases since tube plate voltage drops as the pulse is shaped. 


However, pulse porch and droop deteriorate in such a circuit. 
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EXERCISE VII.2 


A retarding-fielc blocking oscillator is used in a modulator to shape square 
pulses with duration « = 3 usec and repetition frequencies Py = | kHz 
and Fo = 10 kHz. Which element can be used ta change the repetition frequency? 
Why? (Page 488) 


2. Blocking Oscillator with a Grid Network Circuit 





Figure VII.8. Blocking Oscillator with a Grid Network Tuned Circuit: 
(a) -~- Schematic diagram; (b) -- Grid voltage curve. 


A resonant circuit included in the grid network (Figure VII.8a) or in the 
cathode network is used in a blocking oscillator to improve pulse repetition frequency 
stability. The period of inherent oscillations 7, 22} T,C, selected in such 
a circuit is significantly greater than the duration af the shaped puise. In 
this case, inductive impedance L, is great for rapidly-changing grid current. 
Therefore, it may be disregarded while the pulse is being shaped. Circuit capacitance 


C, , along with capacitance C, forms resultant capacitance C, = or » which 





plays exactly the same role as does capacitance C in Figure VII.6a. Grid /323 
current charges both capacitors while the pulse is being shaped and, cince the 


following is selected 


Cp (5-— 10)C, 
(VII.13) 


then the voltage increment is Mig <al- at the end of the pulse. The blocking 
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oscillator tube is blanked immediately after the pulse is shaped and shock excitation 
of the free oscillations in the resonant circuit results. These oscillations 

are accumulated with exponential capacitor C voltage, resulting in the sum (Figure 
VII.8b) u,s—(uc+ux) determining the grid voltage. Selecting the ratio between 
free-running period i. and period 7, using a distinct method, one may conclude 

that grid voltage approached unblanking level Ego sufficiently-steeply and pulse 
repetition period instability decreased sharply. 


EXERCISE VII.3 


Determine which 1 and fr, ratios (Fiqure VII.8b) insure an increase in resting 


time stability if ratio (VII1.13) is satisfied. (Page 488) 
3. Blocking Oscillator with a Grid Network Delay Line 


As pointed out above, tube parameters and the magnitude of the capacitor 
capacitance in the grid network determine the duration of pulses shaped by a blocking 
oscillator. The blocking oscillator circuits examined do not insure high shaped 
pulse duration when tube operating mode changes, a tube wears out, or a tube is 
replaced. Mearwhile, pulse duration may change by 50% or more. 





Figure VII.9. Blocking Oscillator with a Grid Network Delay Line: 
(a) -= Schematic diagram; (b) -- Voltage curves. 
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Pulse duration stability may be increased considerably if the capacitor in 
the grid network is replaced by an artificial delay lime opened at the end (Figure 
Vil.9a). This line's characteristic impedance is ,,eR,, ( R,, -- average value 


of the resistance 2f the grid-cathode path of a tube operating in the pulse mode 


vhere ug> Q). 


The voltage drop arising across the transformer grid winding during the forward 
blocking process will be divided between resistance R,, and line input resistance 
Since the line input resistance for an incident vave equals its characteristic 


Ras : 
impedance (R,,53) » voltages at line input and tube grid equal: 
er ees (VII.14) 
(VII.15) 


2a Eyl R 
uy SF — Aas “Rea 
The voltage active in the tube grid transfers the operating point to the 


region where S,Rynt<! and the avalanche ceases. 


When the incident wave reaches the open end of tte line, its reflection with 
the identical sign will occur. The reflected wave returns to line input terminals 
after time interval 

tx lt, min} Tes 


vhere 1 -=- number of elementary links; /325 


Ly -- inductance of one link; 


Cc, -- capacitance of one link. 


Voltage at line input at that moment rises sharply. Since ug-4u,e;,* const, 
grid voltage drops sharply, the operating point shifts to the region of significant 


plate current slope, which leads tu a counter reversal. 


Consequently, shaped pulse duration vill not depend upon tube operating mode 
and is determined by the magnitude of the delay, i. e., 


t, 204 LC, (VII.26) 
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Next, the line discharges (VII.9c) across resistance R. Recoveries of line 


inductance Ly do not exert an essential impact on the slow process and they can 
be disregarded, assuming that capacitance C = nc, will be found in the grid network. 


It should be noted in conclusion that the pulse transformer used in the Figure 
VII.9a circuit must be calculated for duration ¢>2r, im order that magnetizing 
current does not saturate the core while the pulse is being shaped. 


§ 4. TRANSISTOR BLOCKING OSCILLATOR 


Transistor blocking oscillators in operating principle differ little from 
corresponding tube circuits and are relaxation oscillators with ore amplifying 
element, where positive feedback is accomplished with the aid of a pulse transformer. 
Various methods of connecting the transformer secondary winding make it possible 
to use both a common-emitter and a common-base tranformer circuit. In addition, 


there are several ways of connecting the timing capacitance. 





(a) 


Figure VII.10. Transistor Slocking Oscillator: 
(a) -- Common-base circuit; (b) -- Common-emitter circuit. 


Twe transistor blocking oscillator circuits, one with a common base (Figure 
VII.10a) and the other with a common emitter ‘VII.10b), are depicted in Figure 
VII.10. Negative bias to base is accomplished in both circuits, which insures 
good pulse repetition period stability. Thus, for instance, leakage resistance 
R in the common-emitter blocking oscillator circuit is connected to supply source 

&, » which insures capacitor C recharge rather than discharge. In this sense, 
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this circuit is analogous to the retarding-field blocking osrillator circuit. 
The reasons behind only this method of resistance connection were examined in 
Chapter VI, § 7). 


We will examine the physical processes in a blocking oscillator circuit in 


general terms (Figure VII.10b). 


Capacitor C, charged during pulse shaping to maximum voltage «, =L'- uy. » 
recharges across the transformer secondary winding and resistance f. Recharging 
current creates across the resistance a drop in voltage whose polarity is /326 
shown in Figure VII.10>. As a result, base potential turns out to be positive 
relative to emitter and the transistor vill be in the blanked state. Pcsitive 


base voltage decreases due to capacitor recharge (VII.lla). The transistor unblanks 


(a) Ue wane 





Figure VII.11. Common-Emitter Blocking Oscillator Voltage Curves. 
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at the moment it reaches cutoff voltage, approximately equalling zero and current 

i, af Sars in the collector network. The appearance and increase in voltage 

t, causes onset of self-inductance emf e, in the primary winding, which corstrains 
the voltage ;, increase. Mutual induction emf e&, of identical pola:it, arises 
in the secondary winding, at which time base potential decreases. A further collector 
current rise results. Base current ‘s , which constrains the voltage ey rise, 
appears and rises, given pO8YtTve base voltages. Thus, a foryard avalanche-like 
process is accomplished in the circuit and is similar to a tube blocking oscillator 
circuit. The forward avalanche ceases due to characteristic nonlinearity of collector 
current achieving saturation. Capacitor C voltage virtually remains unchanged 
during the avalanche-like process since reversal rate is high and shaped pulse 


rise time is slight. 
Collector voltage in the saturation mode almost equals zero (Figure VII.llc). 


Input current does not control collector current upon conclusion of a forward 
avalanche due to presence of saturation and mutual inductance emf drops sharply. 
Self--induction emf with a sign identical to that of mutual induction emf arises 
in the secondary winding because base current dynamic characterist.. slope has 
a high value and because of the current ig decrease. Presence of coupling among 
transformer windings leads to onset of self-induction emf in the primary network 
and collector potential remains close to zero as usual. {327 


Presence of self-induction emf in the base winding leads to base current 
charging capacitor C. Capacitor voltage here increases rather rapidly since 
emitter-base path direct resistance is very slight. B8ase pctential increases 
due to capacitor C charging and current in the input network decreases, facilitating 
transistor exit from saturation. The tilt shaping process ceases at the moment 
base current decreases to the point at which the magnitude of current gain 3 
is sufficient for onset of a reverse avalanche-like process. The collector current 
decrease elicits appearance of self-induction emf in the primary winding, while 
emf polarity vill be opposite to that vhich arose as current ., rose, BSase /328 
potential increases anu current in the input netvork decreases due to positive 
feedback action, which in turn causes a further collector current decrea.e, and 
so forth. A reverse avalanche-like process arises in the circuit, vhich leads 
to transistor blanking. Collector voltage decreases ta source £, voltage and 
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below. This is explained by the fact that magnetizing current reached a specific aS 
value while the tilt was being shaped and it is unable to disappear instantaneously 

following transistor blanking. Self-induction emf leading to a negative c:" lector 

curren. "bump" arises as a result. Resultant collector voltage significantly 

may exceed collector junction breakdown voltage. Nonetheless, there will be no 

irreversible changes in the pn-junction structure thanks to the short duration 


that this "bump" is active. 


We will note that the “bumc" may convert to stray oscillations (indicated 
by the dotted line in the curves of voltages us and u, ), given high stray 


loop Q. 


The relz.tively-slow capac.tor C recharging process described above begins 


anev foll sing transistor blanking. 


EXERCISE VI1I.4 


Connection of pulse transformer windings in a common-emitter transistor blocking 
oscillator is depicted in Figurc VII.10b (dots denote winding ends here). Indicate 
how the pulse transformer windings must be connected in the Figure VII.10a 
circuit. (Page 488) 


Specific special features inherent only in transistors are not considered 
in the processes examined. Thus, for example, the inertness of the processes 
linked vith carrier diffusion plays a material role during pulse porch and droop 
shaping. This leads to pulse porch, and especially droop, stretching. The rate 
of regenerative process flow in high-frequency transistors is constrained by 
pr-junctions capacitances. Pulse rise and decay time in blocking oscillators 


containing modern transistors comprises hundredths of usec. 


The capacitor C recharging process during resting time is comelicated compared 
to the process in tube circuits by the presence of the shunting action of tlanked 
pne-junctions. Consideration is taken of shunting just as was the case in for 
a multivibrator (Chapter VI, § 7). 








However, it should be noted that shunting in a common-base circuit differs 


From that in a common-emitter circuit. Capacitor C discharging currents in both 





Figure VII.12. Blocking Oscillator Capacitor Recharging Network: 
(a) -- Common-base circuit; (b) -- Common-emitter circuit. 


circuits are depicted in Figure VII.12. As is evident from the figure, along 
with the current /,. unstable component, one more current /xy component, having 
the identical sequence, is added to the capacitor discharging current in the 


common-emitter circuit. 


A change in environmental temperature in this case leads to a more /329 
significant change in the shunting component of the current and, consequently, 
to a more significant change in resting time between pulses. 


A decrease in the influence of transistor shunting action requires an increase 
in the current in component through a decrease in resistance R. This essentially 


Tequires that the following conditions be satisfied 


l2> {0(/,. rT Jan) wane 


Corresponding capacitor capacitance selection insures the requisite pulse 
. tepetition period value. The given pulse duration value constrains the maximum 


possible capacitance value. 


The resting time temperature stability increase is achieved also by introduction 








into the circuit of an additixnal compensating element, whose parameters change 


when the temperature changes. An example of temperature stabilization with the 


a 


Figure VII.13. Biocking Oscillator Circuit 
with Resting Time Temperatu-e Stability. 


use of semiconductor diode D0 is depicted in Figure VII.13. Back currents acrmss 
emitter and collector junctions increase when temperature increases, but current 
across resistance R decreases. The latter occurs because back current I, across 

the diode an-junction also increases with a temperature increase and, consequently, 
the voltage drop across resistance r increases. This leads to a current decrease 
across resistance R. A current decrease across the resistance compensates for 

the capacitor C discharging current increase flowing across the transistor /330 
pn-junction. ‘ormal circuit operation is insured, given the following resistance 
ratios: Ry, »R>r. Good results are obtained when compensating diode heat inertness 


is identical to transistor heat inertness. 


It also is necessary to point out that the collector voltage "bump" during 
transformation to the secondary winding significantly may increase base voltage, 
with shunting action sharply increasing at that time. This may radically recuce 


resting time. 
EXERCISE VII.5 


A diode sometimes shunts pulse transformer vinding =. so there vill be 
no "bump" increasing shunting activity. Think how the damping diode in the Figure 


VIL.10b circuit needs to be connected. (Page 489) 











The formula for computation of resting time between pulses vithout considering 


shunting may be proven analogously to the formula for determination of pulse duration 


in a multivibrator (VI.101), i. e., 





atin(t+ =). 


Here, the capacitor recharge time constant is T= RC, the voltage level 
to which the exponential curve will strive (see Figure VII.llb) equals £, , 


while it is possible to approximate the Us magnitude as 


U. =7E (VII.17) 


where n=— -- transformiation ratio. 
« 


Actually, the transistor vill be in saturation during tilt shaping and, 
therefore, the valtage drop across the collector winding almost equals fF, . 
Then base collector voltage will approximate :& . Capacitor C charges 
approximately to this voltage. A positive "bump" in the base winding, in view 
of its brief duration, may be disregarded. Consequently, the resting time formula 


acquires the form 


ty = RCIn(1 + +) =RCIn(1 +a). (vII.18) 


This formula may, with sufficient precision, determine pulse spacing. Since 


usually i,<<ié, , then 


Ty = te + ta be. 


The effect of the accumulation of carriers linked vith transistor bottoming 
exerts a material impact on generated pulse duration, as do such external circuit 
elements as inductance L, capacitance C, and recuced load impedance R, . The 
operating point sometimes is prevented from approaching the bottoming zegion by 
using clamping diode D (Figure VII.10b) to clamp collector voltage at tr 


~(0.5 +1) V level in order to reduce pulse duration. 
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A blocking oscillator may operate in the monostable mode. Introduction of 
positive bias source E.y into the base netvork, as depicted in Figure VII.l4a 





Fiqure VII.14. Monostable Transistor ay Oscillator Circuits: 
(a) -- With separate bias source; (b) -- With voltage divider. 


oz use of negative bias in the emitter network (Figure VII.14b) is necessary to 
accomplish this. In the latter case, bias is created due to source F, in the 
divider in resistances Rie R, . Resistance R, shunts capacitor C, of relatively- 
large capacitance (to unities of microfarads). A bias voltage magnitude ranging 


from 1--2 V is selected. 


P16A and P16B pulse transistors may be used in blocking oscillator circuits. 
High-frequericy transistors such as 2 P403, P4146, and so on are used for generation 


of short-duration pulses ( t < 1.0 usec). 


Ferrite-ring transformers with a small number of winding turns (5--40 tums) 


are used as pulse transformers. 
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CHAPTER VII 


PULSE GENERATOR SYNCHRONIZATION. PULSE FREQUENCY DIVIDERS 
3 1. SYNCHRONIZATION AND FREQUENCY DIVISION PRINCIPLES 


The essence of synchronization is that the operating rhythm of a self-excited 
pulse oscillator is set from with.ut by syne signals produced by another oscillator 


(synchronizing generator or master oscillator). Pulse generators in RLS pulse 


devices are synchronized in the following three instances. 


First, when there is a requirement to increase the repetitior frequency stability 


of pulses preduced by a self-excited ascillator. In this event, s highly-stable 


synchronizing generator provides synchronization. 


Second, when there is a requirement strictly to match the operation over 


time of several self-excited oscillators. In this case, ali self-excited oscillators 


are synchrc.;ized from the same synchronizing generator and, therefore, produce 


pulses strictly synchronized at identical moments in time. 


Third, when there is a requirement for precise division of the pulse repetition 


frequency into whole number multiples. In this instance, a synchronization mode 


is insured in which the synchronized generator produces pulses by a whole number 
multiple shorter than those produced by the synchronizing generator. 
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The first problem, increasing the repetition frequency stability of pulses 
produced by synchronizing generators, usually is solved in the second and third 
instances. Therefore, as a rule, synchronizing signals must differ from the highly- 
stable repetition frequency. Sinusoidal voltage produced by a highly-stable self- 
excited master oscillator (usually with quartz frequency stabilization) may be 
used as the synchronizing signal. But, short pulses with a steep porch obtained, 
for example, by clipping and differentiating master oscillatcr sinusoidal voltage 
(Figure 1.9) or produced by a special highly-stable syne pulse generator are used 
mere often. In future, we will examine synchronization by means of short /333 


pulses, which is of the greatest practical use. 


Coordination of synchronizing and synchronized generators is explained in 
Figure VIII.1. The former produces a periodic sync pulse train with frequency 
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Figure VIII.1. Principle of Self-Excited Pulse Generator 
Synchronization. (d) -= Synchronizing generator F 3 
(e) -- Self-excited pulse generator F.. 


Fe (with period 7. }, These pulses are supplied to the self-excited oscillstor 
with inherent pulse repetition frequency i (with period Th) Under the stimulus 
of the sync pulses, the self-excited oscillator operates with forced repetition 
frequency Faz Caith period T,=—K,7), where K, -- whole numver referred 
to as the scaliny ‘ictor. If K,=2 1, then Faefe and the process is referred 
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to as synchronization at the basic frequency or simply synchronization (Fiqure 
VIII.1b). If As £1, then the process is referred to as synchronization on the 
k-th subharmonic or pulse-rate division to the A; -th multiple ( Aa = 3 in Figure 
VIII.c, i. e., three-to-one frequency demultiplication occurs). 


Regardless of the 4; value, the synchronization mechanism consists of the 
fact that, during each free-running cycle, forced generator reversal occurs due 
to syne pulse stimulus, preciuding its natural reversal due to the stimulus of 
internal forces. A positive sync pulse is supplied for this purpose to the grid 
of a tube blanked in a quasistable state, causing its “premature” unblanking.* 
Sut, hence it follows that synchronizing generator circuit parameters must be 
selected so that the period of its inherent self-excited oscillations (without /334 
synchronization) mandatorily somewhat exceeds the period of ferced oscillations: 


Ty>TymK,T. (WIII.2) 


Usually, i = (1.2--1.5):T, (pulses which would be produced by the generator 


with the inherent frequency are depicted by the dotted line in Figure VIII.1). 


Self-excited oscillator forced reversal occurs with each sync pulse for 
synchronization on the basic frequency. The circuit reverses in the frequency 
division mode only with each k-th pulse and does not react to the remaining 
(intermediate) pulses. It may be said that, in this event, synchronization occurs 
with periodic "passes" of series of kl pulses (sync pulses ] and 2, 4 and 5, 
and so forth "are passed" in Figure VIII.lc, for instance). This occurs in the 
following manner. 


As is known, self-excited oscillator blanked tube negative grid voltage gradually 
rises by the law of exponents (see Figures VI.27 and VII.7, for instance). Thus, 
it is possible to select a syne pulse amplitude Ue. so that it turns out to be 
insufficient for unblanking the tube with the (k—1)-th pulse, when grid voltage 
still is too negative (and, consequently, particularly with the l-st, 2-d... 
(kee2)-th pulses), but sufficient for unblanking the tube with the k-th pulse, 





“The identical principle vas used for forced monostable multivibrator and blocking 
oscillator cutoff (Chapter VI, § 3). 
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when this voltage succeeds in approaching the cutoff voltage level by a magnitude 





less than l. . It is evident that this condition is satisfied more easily, the 
greater the grid voltage increment during the sync pulse period, i. e., the higher 
the rate of change of the grid voltage rise. Here, frequency division stability 
increases since requirements decrease for stability of both sync pulse amplitude 
and of the operating mode of the self-excited oscillator itself. Therefore, 
multivibrators anc retarding- field blocking oscillators usually are used for 
frequency division (Chapter VI, § 4, Chapter VII, § 3). 


The same methods that were used to trigger monostable circuits (it is possible, 
for example, to synchronize a blocking oscillator with positive pulses supplied 
to the plate network and to synchronize a nultivibrator with negative pulses supplied 
to grid of an unblanked or plate of a blanked tube) are used to supply positive 
sync pulses to grid of a blanked self-excited oscillator tube in the quasistable 


state. 


Monostable blocking oscilaators-and multivibraturs, as well as flip-flops, 
also may be used for frequency division. The special op.:..ting features of these 
dividers will be examined below. 


In any event, it is difficult to obtain stable frequency division by a factor 
of more than 510 with the aid of one oscillator-divider { Ms: always equals 2 
for a flip-flop). Several dividers are connected in series when there is a /335 
requirement for a large number of frequency division multiples. Here, each subsequent 
divider is synchronized (and is triggered in the event monostable circuits or 
flip-flops are used) by the pulses from the preceding divider's output. The resultant 
scaling factor is compared to the product of the scaling factors of all the dividers 


within the circuit. 


Synchronization and frequency division using tube circuits are examined belov. 
Synchronization and frequency division using transistor circuits are based on 


identical principles. 
§ 2. BLOCKING OSCILLATOR SYNCHRONIZATION 
A standard synchronizing blocking oscillator circuit is depicted in Figure 


VIII.2. The process of blocking oscillator synchronization on the basic frequency 
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Figure VIII.2. Blocking Oscillator in the Synchronization Mode. 
(a) ~- 6NIP. 





Figure VIII.3. Blocking Oscillator Synchronization 
on the Basic Frequency. 


43 explained in Figure VIII.3, while three-to-one frequency demultiplication is 
explained in Figure VIII.4. For clarity, the shape of the Positive sync pulses 
is accepted as being square, vhile blocking oscillator grid voltage is depicted 
without stray excursions ang ascillations. The law of change for this voltage 
if no syne pulses are supplied to the circuit is depicted by the dotted line, 
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Figure VIII.4. Frequency Division Using a Blocking Oscillator 
( x, = 3). 


In the first case, when each sync pulse is active, resultant grid voltage 
exceeds the cutoff valtage level (4,+Uc>Eqm) , the tube unblanks, and forced 


circuit reversal occurs. Im the second example, there is synchronization only 


with every third pulse since the tube remains blanked while the first two pulses 


are active. 


EXERCISE VIII. 


Determine the maximum scaling factor which may be obtained with the aid of 
ewe. ~90 V, and sync pulses with 


the Figure VIII.2 circuit if E50 = -10V, 
(Page 489) 


frequency fe = 10 kHz are supplied to circuit input. 


In general form, we will establish conditions insuring K, -to-one frequency 
We will assume for simplified discussion that: 


demultiplication. 
-- steps in the circuit occur instantaneously; ; 
-- the duration of the pulse shaped by the blocking oscillator is infini~ zi¢ 


tesimally slight c-mpared with the period of the inherent oscillations ist 2, 


i. e., there are no time intervals when the blocking oscillator would not be subjected 


to synchronization; 
-- negative grid voltage during resting times rises according to a linear 


lav. 
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Figure VIII.5. Blocking Oscillator Grid Voltage Idealized Shape. 


The idealized shape of blocking oscillator grid voltage is depicted in Figure 
VIII.5 and corresponds with sufficient precision to the true shape for a retarding- 


r 
field blocking oscillator operating with high duty ratio Cas 1 In addition, 


it should be considered that sync pulse duration is infinitesimally small compared “277 
to their pulse spacing 7-.. 


The idealized law of voltage Ug change for one oscillation period Ts and 
the sync pulses travelling with spacing re. applied to this voltage are depicted 





Figure VI1I1.6. Minimum Sync Pulse Amplitudes at Blocking Oscillator Grid. 


in Figure VIII.6. The varied amplitude of these pulses is selected from condition 
‘ Moss’ Ue—Ep.. i. es, is minimally necessary for tube unblanking. In actuality, 
all syne pulses have identical amplitude. The amplitude of each pulse depicted 
in Figure VIII.6 should be understood as the minimum amplitude of all pulses during 
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which synchronization will be insured by this particular (not the previous and 


not the subsequent) pulse. 


XK, -to-one Frequency demultiplication will occur if synchronization occurs 
with the keth syne pulse (here, forced pulse spacing will equal) 7a™Kale). But, 
this requires that sync pulse amplitude at least equal value Us» (otherwise, 
synchronization will occur only with the subsequent (k+l)-th pulse) and will /338 
be no greater than value C’-1 (otherwise, synchronization already will have occurred 
with the (k—1l)-th pulse): 


Cee 2 te > Ge (VIII.2) 


Having divided all the terms of this dual inequality by constant maynitude 


Ueuan — Ege! for the given blocking oscillator, we will get 





v w C 
ep? Le ec. 
i Uy ean - Zi? Tomsta* VC's unm Ege” 


But, From the similarity of triangles with corresponding legs liei and 
GO = Up ean — Ep: 


Oe at wm OT et (KLE, 


(ly, wen ~ Ego] 2 


and, from the similarity of triangles vith corresponding legs Uy and Uy 





a 7-7 7. 
ee f£211—K,—=. 
1 U'g wan — gol = T. rs K, Te 


Therefore, in final form, Ky -to-one frequency demultiplication condition (VIII.2) 
may be vritten 


7. * we Ze 
amit ee ear ee nae, 


(VIII.3) 


7 le 
In accordance with (VIII.3) in generalized coordinates - and [Upwen—fe! 





the graph af the synchronization zone for varicus A,. values is depicted in Figure 
VIII.7. The graph is plotted based on the following circumstances. The left 

term of inequality (VIII1.3) is an upper bound equation and the right term is a 
lover bound equation of the synchronization zone for a given A>. value. The lover 
bound of each zone simultaneously is the upper bound of the subsequent zone for 


414 





a W5iAUIGd 2 as OF as ag ide 
° 


Figure VIII.7. Blocking Oscillator Synchronization Zones. 


a value creater by unity of K,:! —K,- =l~—(kK,+1—1) 7 Zone bounds 

(with the exception of the upper bound of the zone for Ka = 1) are sloping line 
r. . 

segments. Assuming 7 =U, im the equation for any bound, we will find that 


u 
all bounds pass through point (eaeetar | on the Y-axis. Assuming 


l-KAp= 0, for a lover bound equation, we find that the lower bound of every 


oF fA ee 
zone passes through point 7, ™%, on the X-axis. If 7,7 %, then /339 
T.mK,T.>T:, , unich vill contradict the basic synchronization condition (VIII.1); 


here, KX; -to-one frequency demultiplication vill become impossible regardless 


‘. 
of values. (7...—&,: since the keth pulse will arrive after spontaneous circuit 


reversal already has occurred. Consequently, each zone is bounded on the right 


. i . ; 
by vertical line faz. - The upper bound for the zone where K, = 1 is depicted 
on the graph by a dotted line and is conditional. Actually, this bound corresponds 
in Figure VIII.6 to amplitude U,.=U; during which the circuit will be reversed 
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by the first pulse, regardless of the moment of its arrival. But, the same thing 


also vill occur all the more so given even greater syne pulse amplitude U->/, 
t. 


de G6, Cyr — Ee: >. + evever, too great a sync pulse amplitude where 
K, = 1 may impact adversely on circuit operation. 


The coordinates of all points falling within a given zone correspond to values 


u. T. 
Ogun Epi and TF, during which K, -to-one frequency demultiplication /340 





will occur. Thus, for example, the curves depicted in Figure VIII.3 ( A: = 1) 


FeO. ope 9 | 
correspond to point A \ FP TC yuan — Egei ~}) , while the curves depicted 


in Figure VIII.4 ( Ka = 3) correspond to point 5 — (FE = 0.25: <= —* Eni = 03) , 








Most stable frequency division results at points which are centers of the 
circles inscribed in each zone, i. e., equidistart from all zone bounds (in this 
case, division of a frequency into the given number of multiples is retained during 
the greatest stray changes of values Ux. Upeun Epo Tx 7). . 

It is evident from the synchronization zone graph that an increase in K, 
means a reduction in division stability since the area of the zones is reduced. 
Therefore, in practice, it is difficult using a blocking oscillator to obtain 


a scaling factor exceeding N:*10+15. 


EXERCISE VIII.2 
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Draw the sync pulse train and blocking oscillator grid voltage curves idealized 
in accordance with Figure VIII.Z for points 87, 4. & depicted in Figure VIII.7. 
Explain the division process in each instance. Disregard syne pulse duration 
in all instances and use fixed values To E50” and tyes (identical blocking 


oscillators are used). (Page 489) 


§ 3. MULTIVIBRATOR SYNCHRONIZATION 
In principle, the multivibrator synchronization process is Similar to the 


blocking oscillator synchronization process and usually is accomplished by supplying 
positive sync pulses to grid of one of the multivibrator tubes. 
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A typical synchronized multivibrator circuit is depicted in Figure VIII.8. 
A free-running multivibrator, as opposed to a blocking oscillator, operates witn 
a relatively-low duty ratio (Q & 100 + 200). Therefore, it is impossible with 





Figure VIII.8. Multivibrator in the Synchronization Mode. 


a multivibrator to disregard a portion of the seif-oscillation period, when a 


given tute is unblanked, i. e., the multivitrator vill not be subjected to 


synenronization. 


The solid line in Figure VIII.9 depicts the idealized lav of grid voltage 
change for one multivibrator tube for one period of ‘nherent oscillations i = 
To + T 02° as vell as the sync pulses applied to this voltage with the minimum 
arplitude of each pulse required for synchronizaticn Upm 1u,— Ey). The addition 
shown by a dotted line brings the picture to Figure VIII.6 for a case of very 
high duty ratic ‘blocking oscillator synchronization). Hovever, sync pulses which 
arrived at interval ~ 1 (they also are shown by a dotted line) in reality may 
noc reverse the circuit regardless of their amplitude since the given multivibrator 
tube is unblarked at tnat interval. Consequently, multivibrator frequency division 
may be sbtauned rot snly Sy "passage" of pulses of insufficient anplituue arriving 
at interval Tho" but also by "passage" cf pulses cf any amplitude arriving at 


interval Ton 
EXERCISE VILI.3 


Dray the sync pulse train and voltage Yg2 and aa-we. Curves and cotermine 
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Voi 
Figure VIII.9. Minimum Syne Pulse Amplitudes at Multivibrator Grid. 


scaling factor K for the Figure VIII.8 multivibrator circuit if control Re is 


in the middle position 7. = = » while pulse amplitude 4. is sufficient for circuit 


Assume as you plot the curves that sync pulses 


reversal at any moment in time. 
(Page 491) 


begin to act only from the second circuit oscillation period. 


A graph of multivibrator synchronization zones is depicted in Figure VIII.10 
and is plotted based on the following consicerations. We will plot the synchroni- 


zation zone for a case of very high duty ratio. initially just as we did in Figure 


. ; r. é ¢ 
VILI.7, in generalized coordinates Ss and Cam Ept » vhere U,,,, /342 


-- fictitious value for minimum grid voltage shown in Figure VIII.9. Next, we 


will consider that, since synchronization actually is impossible at time interval 


Toy the forced osciliaticn period is bounded by condition Ty Al Tae eu, 


Hence, ve will get 


See 
\ Ty / ume AyT, (VIII.4) 
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Figure VII1.10. Multivibrator Synchronization Zones. 


This condition additionally constrains each synchronization zone from the 
left with a vertical line. 


We will find the Y-coordinates of their points of intersection with the zone's 
previous lover bounds in order to simplify plotting of additional left bounds. 
We will use the expression for a lower bound from ratio (VIII.3) for this purpose 
and we will substitute ratio (VIII.4) in it: 
U 


U rar Te To To — Tos 
( Sealine hae a ae eet 


& 


But, considering the similarity of the corresponding triangles in Figure 1343 
VIII.9, we also may write 


ima =h5t a = = Se eons, 


1g wan — £09) 7a uan 1 gunn ~ Ee (VIII.5) 


where U ={U,.4—Ep: -- largest minimum pulse amplitude realistically required 
for multivibrator synchronization. 
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Tnus, all zone left bounds intersect lower bounds at the identical level, 
which does not depend on the 4; value. The vertical bands formed above this 
level for all zones (except the zone for A, = 1) correspond to frequency division 
due to change x -! of syne pulses at interval Tore The ¢.tted line plotted 
at level 77> =I, is only the conditional upper bound of all zones cince 


ge vun — Eee! 


the synchronization mode does not change when the amplitude of these pulses rises. 


This method of multivibrator synchronization with pulses supplied to grid 
of one tube provides synchronization only of the oscillation per'cd. Inherent 
circuit parameters determine the magnitude of interval Top when the given tube 
remains unblanked. It is possible to supply negative sync pulses simultaneously 
to both multivibrator grids (just as during symmetrical flip-flop triggering) 
when there is a requirement also to synchronize this part of the period. The 
unblanked tube amplifies and inverts these pulses and they then are supplied to 


unblanked tube grid, each time causing forced circuit reversal. 


EXERCISE VIII.S 


Oray the syne pulse train and multivibrator grid voltage curves for points 
16,8 depicted in Figure VIII.7. Assume that values T,, This Fao? and Uses 


ef 
for all cases are constant and that Ue saa Beet a (Page 492) 


$4. FREQUENCY DIVISION USING MONOSTABLE BLOCKING OSCILLATORS AND MULTIVIBRATORS 


Use of monostable circuits for frequency division is based on the fact that 


a monostable circuit turns out to be insensitive to trigger pulse stimulus for 
a certain time following triggering. The interval of insensitivity equals the 
sum of the time the circuit remains in a quasistable state and a part (for a blocking 


oscillator) or all (for a muitivibrator) of the time needed to reestablish the 


circuit to an equilibrium state. 


The frequency division process when a monostable blocking oscillator /344 


is used is explained in Figure VIII.l1. Positive trigger pulses are supplied 


to blocking oscillator tube grid. ‘The circuit is triggered by the first puise 
and produces a pulse whose duration is determined by blocking oscillator 


inherent parameters. The circuit does not react to the next ke=1-th trigger pulses 
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Figure VIII.11. Frequency Division Using a Monostable Blocking Oscillator 
( Kz = 4) 


and only the k-th pulse again induces a circuit reversal. Thus, frequency division 
using a monostable blocking oscillator occurs in a manner idesiticai to that using 

a free-running blocking oscillator. The only exception is that the monostable 
blocking oscillator will be in an equilibrium state (its tube is blanked by negative 
bias E_) prior to arrival of the first and after arrival of the last pulse and 

does not produce any pulses. Therefore, a monustable blocking oscillator is used, 
for example, when trigger pulses, as depicted in Figure VIII.11, are supplied 

in the form of individual series (packets) and there is a requirement for division 
of the pulse repetition frequency within each series. Negative grid voltage in 

a monostable blocking ascillator upon completion of a counter reversal will strive 
towarus value E_, which is not the case with a free-running circuit. Therefore, 
all other things being equal, trigger pulse amplitude must be greater by magnitude 
Ee Ee: than synch pulse amplitude for a free-running circuit. 


The frequency division process using a monostable multivibrator is explained 
in Figure VIII.12. The multivibrator is triggered by negative pulses stimulating 
the grid of a tube unblanked in a circuit equilibrium state. This tube blanks 
after the circuit is triggered by the first pulse and the circuit does not react 
to the subsequent k—l-th negative pulses. Subsequent triggering vill occur with 
the k-th pulse only after a spontaneous counter reversal and reestablishment of 
the circuit to the initial equilibrium state. The scaling factor does not change 
when trigger pulse amplitude cnanges (just as long as this amplitude is sufficient 
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Figure VIII.12. Frequency Division Using a Monostable Mu'tivibrator 
( Ka = 3) 


to trigger the circuit). Therefore, higher frequency division stability results 
than when a multivibrator free-running circuit is used. 


EXERCISE VIII.5 


What constrains minimum trigger pulse spacing and maximum frequency scaling 
factor when a monostable multivibrator is used? (Page 493) 


Use of monostable circuits also makes it possible to accomplish frequency 
division in those instances when sync pulse repetition frequency may change, but 
the scaling factor must remain constant. Step (accumulator) frequency dividers, 
which are a combination accumulator (capacitance) pulse register and wonstable 
pulse generator, are used to solve this problem. 





Figure VIII.13. Step Frequency Divider Circuit. 


A typical step frequency divider circu. ; depicted in Figure VIII.13. 
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It will comcrise an accumulator register made up of diodes Di» 0, and capacitors 



















Co. Cw, Me Hlockiny u.illator assembled on triode Ly. The curves in Figure 
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Figure VIII.14. Voltage Curves for a Step Frequency Divider Circuit 
kK, 


VIII.14. for scaling factor Ai z& explain how the circuit operates. 


Positive-polarity input pulses charge coupling capacitor ©, and reservoir /346 
capacitor C. across diode oy resulting in a rise in voltage Wey by magnitude 
We. during the time each pulse is active. Voltage “ca remains essentially constant 
during resting times since capacitor Cn may discharge only across stray leakage 
resistance %rr., Capacitor Cy » on the other han, rapidly discharges completely 
across diode 0, and input pulse generator output resistance (diode 0, funct ions 
as a zero lower clamp). Voltage “= rises in steps (is accumulated) due to input 
pulse arrival); voltage ug=£&,+tcs. rises simultaneously by the same law, but from 
negative level E_. Selected circuit parameters are such that voltage “ca will 
exceed threshold leve} Unop. at which voltage 4g exceeds cutoff voltage E 5 when 
the k-th pulse is active. As a result, the blocking oscillator will be triggered 


by the k-th pulse and produce pulse JUeus. 


Capacitor Cx during onset of the blocking process will strive to recharge 
itself with triode grid current. Therefore, it rapidly discharges to zero, after 
which the grid current network prior to triode blanking closes across diodes Ors 
D,. Thus, the blocking oscillator not only produces output pulses, but also 
simultaneously insures a voltage “-, "discharge." Then the circuit operating 
4B : 


| 











cycle is repeated, with the blocking oscillat-r tripping every time from the k-th 
pulse regardless of circuit input pulse repetition frequency. 


The scaling factor 4, value will depend on amplitude l... , cutoff Eo /347 
and bias ES voltages, and the ratios of capacitances Cp: and Cu Forming the 
capacitance divider. The height of steps \U- decreases with the arrival of each 


We, 5 


subsequent pulse prior to blocking oscillator tripping since voltage 
stored following the action of the preceding pulse, opposes capacitor charging. 
Stable circuit operation requires that the height of the k-th step be greater 

by approximately a factor of 2 than the possible threshold voltage instability. 


This hinders obtaining a scaling factor exceeding 10, 


An increase in 4, requires that the number of stages be increased, i. e., 
their magnitude decreased, since voltage 4x in principle may not exceed value 
Ue . Therefore, usually C.>¢, . In addition to this, there is a requirement 
that capacitors Cy and C, be charged completely while the pulse is active (here, 
the amplitude of the k-th step will be maximum). Therefore, the charging time 
constant must be selected from condition %<',. which, in turn, requires an 
insignificant amount of generator output resistance “sc-. Qn the other hand, 
the capacitor Cx discharging time constant must be as large as possible (to satisfy 
the condition *2teeue) so that ihe possible voltage 4-, decrease during resting 
times will comprise an insignificant part of the magnitude of the k-th step 
(othervise, the circuit may not trip). That is why normal leakage resistance 
Ry is absent from the circuit. This does not impact upon blocking generator operation 
since the grid current time constant closes across diodes Di» D.. 


5 5. FREQUENCY DIVISION AND PULSE COUNT COMPUTATION USING FLIP-FLOPS 

Symmetrical Flip-flops with symmetrical] ‘counting) triggering with negative 
pulses are used for frequency division (see Fizure VI.12). A flip-flop has tvo 
equilibrium states and reverses with each trigger pulse. A flip-flop must be 
triggered twice in order for one square pulse to be shaped at the plate of one 
of the flip-flop tubes. Therefore, a flip-flop always will divide trigger pulse 
repetition frequency only twice. It is important to note that this scaling factor 
will not depend on trigger pulse amplitude (as long as it is sufficient for reliable 
flip-flop tripping) and stray mode changes and circuit parameters (only if circuit 
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reversal conditions and existence of two equilibrium states are satisfied). 


Therefore, frequency division using flip-flops is the most stable and reliable. 


Sequential frequency division using several flip-flops is employed when there 
is a need to divide a frequency more than tvice. Since each flip-flop will /348 
divide a repetition frequency twice, then, when n flip-flops are used, the resultant 





Figure VIII.15. Functional (a) and Schematic (b) Diagrams for 
a Four Flip-Flop Frequency Divider Where «,= 16. 


scaling factor will equal 


K,=2. (VIII.6) 


A functional diagram (Figure VIII.15a) and schematic diagram (Figure VIII.15b) 
of a four flip-flop divider with resultant scaling factor K,=2‘=16. are presented 
in the form of an example. The curves for the triggering and output voltages 
of all flip-flops depicted in Figure VIII.16 explain the operation of this circuit. 


All flip-flops are assembled on dual triodes (ly, Loi Ly, Lyi Les Les Los 
Lg) and have identical circuits with identical parameters. ‘Negative pulses along 


a symmetrical trigger circuit trigger all flip-flops across diodes 0, Do» D5, 
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Figure VIII.16. Voltage Curves for the Figure VIII.15 Divider. 


D.» Des De» D5, D5: Negative trigger pulses are supplied across transient network 
CiR) to first flip-flop input. Each flip-flop output voltage is picked off the 
right triode plate (Loy Ly» Les Lg) and differentiated by the subsequent flip-flop 
input R-C network (networks CoRos C5Rs, C,R,). Flip-flop output voltages in Figure 
VIII.16 for clarity are depicted relative to level Uswm,, while only short negative 
pulse which trigger the subsequent flip-flop are depicted as the result of their 
differentiation (positive pulses are not depicted since they cannot symmetrically 
trigger a flip-flop). Network CoRe differentiates fourth flip-flop output voltage 
and it is supplied to an amplifier assembled on triode Lo. Positive pulses arising 
in this tziode's plate network trigger a monostable blocking oscillator assembled 

on triode ty across transient network CLR. and trigger triode Lig: The blocking 
oscillator produces output pulses coinciding with the last flip-flop output voltage 
drop. Divider output pulses may be picked off the blocking oscillator plate network 


and cathode load impedance Re. , 


It follows from the Figure VIII.16 curves that the first flip-flop will divide 
input pulse repetition frequency twice, the first two flip-flops 4 times, the 
first three flip-flops 8 times, and all four flip-flops 16 times. We will note 
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that divider output pulses are produced at the moment of simultaneous unblanking 


of the output tubes of all flip-flops. 


Series flip-flop connection is used also to count the number of input pulses 
in the binary computational system. An number N in a binary system is represented 
by the sum of the powers of the digit 2 (the foundation of this system) in the 
form 

N= py ae Age” Aga” + wep dg2? + 2,2! + 2,2°, 


sei 


(VIII.7) 


where 1 == position number; m — quantity of positions required to represent a /350 


given number; ayo factors, each assigned one of two values, O orl. 


The values of coefficients a, are successive when representing a number, 
while coefficients zi} are in descending order. For example, the digit 2 is 
written in the form 10 (1 x 2+0x 2°), the digit 5 in the form 101 (1 x 2% + 
0 x 2) + 1x 2%), the digit 14 is written in the form 1110 (1x 2>+1x 2+ 
1x 2! +Ox 2°) and so forth. Thus, any number in a binary system is written 
using only the digits 0 and 1. Meanvhile, the two possible flip-flop equilibrium 
states correspond to these two digits.* We will use "1" for that Flip-flop 
equilibrium state in which its output voltage is maximum (output tube blenked), 
and use "0" for its second equilibrium state, when flip-flop output voltage is 


minimum (output tube unblanked). 


All flip-flops in the Figure VIII.15 circuit will switch from state "0" to 
state "'l'' and back due to input pulse arrival. But the first flip-flop trips 
from every input pulse, the second flip-flop from every second pulse, the third 
flip-flop from every fourth puls2, and the fourth flip-flip trips from every eighth 
pulse. Therefore, in expansion of (VIII.7) for the number of the input puise, 
the state of the first flip-flop determines the quantity of unities of the /351 
first (least significant) digit, i. e., it shows whether or not term 2° will be 
maintained in this expansion; the state of the second flip-flop determines the 
quantity of unities of the second digit, i. e., indicates whether or not term 


2} will be maintained in this expansion, and so on. 





*Therefore, a flip-flop is referred to as a binary element in computer technology. 
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Consequently, if, for a given moment in time, the states of all flip-flops, 
beginning with the last and ending with the first (in descending order of digits), 
are written successively using the digit 0 or 1, we will have a binary record 
of the number of input pulses N which had arrived at the circuit by that moment 
in time. For example, in Figure VIII.16, Flip-flop states upon arrival of the 
third pulse are represented as 0011 (3), upon arrival of the fifth pulse -- O101 
(5), upon arrival of the eighth pulse -~ 1000 (8), and so forth. Since there 
are four flip-flops in the circuit being examined, then the maximum number of 
pulses which it. may calculate equals the greatest number which is represented 
in binary code with four digits Vuk = 1111 (15). The 16-th pulse will convert 
the circuit to initial state O000 and the count begins anew. 


Essentially, NIXIE tubes connected to each flip-flop output tube plate may 
be used to ind:cate flip-flop states in order ta count the number of pulses. 


EXERCISE VIII.6 


What will be the scaling factor for a circuit comprising six sequentially- 
operating flip-“lops? How many pulses will this circuit be able to count? (Page 493) 


§ 6. SEVERAL COMPLEX FREQUENCY DIVIOER CIRCUITS 


1. Dividers With Feedback 


Feedback is used in dividers if it is impossible to obtain the requisite 
scaling factor by using several sequential monostable circuits or flip-flop divider 
stages as a result of multiplying the possible scaling factors of 2ach stage together 


(i. e., expanded to the corresponding multipliers): ae AAG: ..- Aan 


The principle of using feedback 1m dividers involves divider output pulses 
being supplied to several specially-selected preceding divider stages and causing 
their out-of-sequence (premature) triggering. @3ut, out-o%-sequence tripping of 
any stage under the stimulus of an output pulse leads tc ali suosequent stages 
also tripping accordingly earlier than is the case for normal circuit operation 


without feedback. Here, the circuit's subsequent output pulse, vhich again acts 
upon the stages enveloped by feedback, also will appear correspendinaly earlier, 
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and so forth. As a result, divider output pulse repetition Frequency will be 
reduced, i. e., the circuit scaling factor will decrease. It is possible to shorten 
“normal” circuit operating rhythm in which the assigned scaling factor value /352 
vill result through selection of the number of stages which must be enveloped 


by feedback. 


We will examine use of feedback in flip-flop dividers, which have the greatest 
division stability. As we know, such dividers without use of feedback will divide 
a pulse repetition frequency 2” times, where n -- number of flip-flops, and count 
the pulses in a binary system. Let the requirement be to obtain scaling factor 

K, = 2", vhile 2°> K,>2""'. It is evident from the outset that solution of 
this problem requires use of n flip-flops (the n—l-th flip-flco will provide 
scaling factor 2"~'<K,). But, it is necessary through use of feedback to reduce 
the scaling factor by 2"~—: unmities, i. e., to bring about an artificial snift 
of the pulse count by this magnitude, in order to reproduce every k-th pulse at 


circuit output. 


Which flip-flops should be enveloped in feedback for their out-of-sequence 
reversal ("malfunction") by output pulses? It is evident from examination of 
the divider operation in Figure VIII.16 that a “malfunction” of the First flip-flop 
will provide a count shift by 1 (2°), a "malfunction" of the second flip-flop 
by 2 (24), “malfunction” of the third flip-flap by 4 (24), and soon. Therefore, 
if digit **—Ky ig written in the binary system, then the presence in this rotation 
of a unity of the lowest order will impact upon the requirement for a "malfunction" 
of the first flip-flop, presence of a inity of the next higher order digit on 
the necessity for “malfunction” of the second flip~flop, presence of a unity of 


the next highest order digit on the necessity for a "malfunction" of the third 


tlip~flop, and so forth. 


Output pulses must reverse the flip-flops to which they are supplied alony 
the feedback network only in one direction -- from equilibrium state "0," vher 
output tubes are unblanked, to equilibrium state "1," when output tubes are blanked.* 
Therefore, asymmetrical circuits for triggering across output (unblanked) tubes 





“We will recall that output pulses are produced at the moment of s3imultaneous 
unblanking of the output tubes of all flip-flops (see Figure VIII.16). 
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usually are used for flip-flop "malfunction." "Malfunction" pulses must be celayed 
somevhat relative to the regular trigger pulses supplied to these flip-flops from 
the output of the preceding flip-flops in order to insure initially regular, and 
then irregular, reversal of flip-flops enveloped by feedback. Flip-flop resolving 
time (see Chapter VI, 3 2) determines requisite delay time and, by connection 

to the feedback netvork, creates a delay line or R-C integrator. However, it 

is possible to do without a special delay device since the natural stray output 
pulse delay accumu'- «4g due to finite triggering time and flip-flop reversal 


suffices. 


We will examine as our example how to use flip-flops to obtain scaling /353 
factor Aa = 9, Since 24X93 2’, then the required flip-flop number n = 4, 
Next, ve will find the required scaling factor decrease (pulse count shift), winich 
feedback must insure: 249 = 7, and we will write this number in the binary system: 
Olll. It follows from this that obtaining “s = 9 means supplying delayed output 
pulses ("malfunction" pulses) along the feedback network to the first, second, 
and third flip-flops. 


The corresponding divider functional diagram and its voitage curves are depicted 
in Figure VIII.17. The first circuit output pulse appears under the stimulus 


BS ne en aa arr 


only of the 16-th input pulse. Consequently, until that moment, the feedback 
netvork is inoperative and sixteen-to-one sequential frequency demultiplication 
occurs, while the voltage curves in the circuit in no way differ from the Figure 
VIII.16 curves. A "malfunction" of the corresponding flip-flops occurs only /354 
upon appearance of the i-st output pulse and a nine-to-one scaling- down process 
occurs. Therefore, the interval during which the first 16 trigger pulses are 
supplied determines the rise time of the given division mode, vhich in general 
equals 


toepen ™ Tea: 2". (VILI.8) 
EXERCISE VIII.7 


a) Redraw the Figure VIII.15 divider schematic diagram, introducing minimal 


changes to obtain A,= 9. 
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Figure VIII.17, Fiip-Flop Frequency Oivider Functional Diagram 
Where K, = 9 (a) and Its Voltage Curves (5). 


b) Determine the scaling fectur and draw the voltage curves far the Figure 
VILI.18a ciccuits. 


c) Determine the scaling factor for the Figure VIIL.18b circuits. 


d) Compile a divider functiona! diagram vhere Aa = 5 and draw the voltage 


curves For this circuit. 
e) Compile a divider functional diagram vhere Aa = 42, (Page 493) 
2. Reference Train Pulse Gating Dividers 


Siqnificant output pulse spacing instab-lity arises in multistage freouency 
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Flip-Flop Frequency Divider Functional Circuits. 


Figure VIII.18. 
(c) -- LZ [delay line]. 





dividers due to stray fluctuations in triggering time and reversal of each stage. 


This instability essentially may be eliminated through use of reference 


Ecomernud “nx 
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{ Suk end f ) 
é 
Figure VIII.19. Reference Train Pulse Gating Frequency Divider 
Functional Circuit (a) and Voltage Cusves (bd). (c) -= Frequency divider; 

(d) -- Gate generator; (e) -= Time gate; (f) -- LZ. 
! train pulse gating dividers. Cne pessible functional circuit for this type divider 
| and iis voltage curves are depicted in Figure VIIJI.19. 
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The circuit oper ‘rinciple comprises the following. Input pulses are 
supplied to a multistage frequency divider with assigned value Ki and simultaneously 


to delay line LZ. Flowing through the delay line, these pulses are delayed by 


identical tise nom . Oelayed input pulses are referred to as reference train 
pulses a. Divider output pulses “su. with assigned pulse spacing Tous=Kalox, , {355 
but possessing time instability, trigger a gate generator. This generator produces 
gate pulses “ea with duration ‘eea.. It is evident that gate pulses also will 

be unstable over time. Gate and reference train pulses are supplied to a time 

gate, which is a coincidence circuit and which passes to output only thase reference 
train pulses which coincided with the gate pulses. Thus, the k-th reference train 
pulses rather than divider output pulses are used as the circuit output signal. 
Divider and gate generator instability will have no impact whatsoever on the time 


position of these pulses. 


EXERCISE VIII.8 


Point out the basic circumstances behind selection of reference train delay 


time % and gate pulse duration ‘cea (Page 495) 
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CHAPTER IX /356 
SAWTOGTH (LINEARLY-CHANGING) VOLTAGE GENERATORS 
3 1. GENERAL INFORMATION ON SAWTOOTH GENERATORS 
l. Sawtcoth Voltage Parameters and Acquisition Principles 
(44 — const’ 


Voltages which at given time intervals chanye at constant rate WZ 

are referred to as sayvtooth or linearly-changing voltages. Sloping line segments 
graphically reflect the shape of the voltages at these intervals. In essence, 
the passage of time is modelled electrically with the aid of sawtooth voltages. 
Therefore, they are used widely in RLS pulse devices, either for linear control 
o'er time of electrical processes (to create cathode ray tube [CRT] beam sweeps 
linvar over time, for example) or for linear conversions of electrical magnitudes 
into vime intervals (to obtain pulse variable time delay and pulse signal time 


modulation and demodulation, for instance). 


A sector of linear voltage change is referred to as a working or forward 
stroke. A sector of voltage recovery to the intitial level upon ccmpletion of 
a vorking stroke essentially is not used and is referred to as flyback. Flyback 


shape is slight, but its duration must, as a rule, be as small as possible. 


Savtooth voltage is referred to linearly-rising or linearly-falling, depending 


on whether it rises or falls during a working stroke. 
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Figure IX.1. Sawtooth Voltage Parameters, 


The Following parameters characterize savtooth voltage (Figure IX.1): 
-- linear sector (working stroke) duration ff, ; 


-- recovery time (flyback duration) 4% ; 


-- resting time »°, ; /357 
-- change (repetition) cycle Tel,+tjot,3 
-- linear sector amplitude (saw amplitude) y= Uasacc—Ugann 3 
-- average rate of change during a working stroke (sav slope) 
ry : 
Va Ste xy (IX.1) 
-- nonlinearity factor 
See caf Me) 
4 Mo Juree  \ ab sen UZ aris TE Tee 
: (5) caer oe (1X.2) 
at / wane 


du guy \ ; a 
vhere (3)... = tg tet : = tZ 2,4, <= maximum and minimum rate of sawtooth 


\ dt J ven 


voltage change, respectively, during a work:ng stroke. 


Nonlinearity factor (IX.2) indicates the relative magnitude of the rate of 
savtooth voltage change (slope) during a working stroke. The smaller the 3, 


value, the closer the law of voltage change is to the linear. 


(Ss) = (43) = St me Vm const and 3, = 3 for ideally-linear voltage. 
i + ane 4 


Realistically, always 3>0. 


saan 


It is desirable, along with the requirements for saytooth voltage linearity, 


435 











for its amplitude l';.to be as large as possible. In principle, however, this 
amplitude may not exceed circuit supply source voltage Es In that sense, the 


supply source voltage utilization factor determines = ‘ooth generator efficiency 
Fatt (2 <1). (1X.3) 


Sawtooth voltage is shaped in the majority of sawtooth generator (GPN) /358 
practical circuits in a capacitor as it charges (discharges, recharges) across 
a resistance. Thus, R-C integrator processes (see Chapter II, § 3) are used to 
obtain sawtooth voltage and only the initial, most linear exponential voltage 
sector is used as a working stroke of a savtooth voltage. Therefore, the following 


inequality is a condition for obtaining a working stroke of high linearity (11.26) 
h€t or Z<l, (1X.4) 


where ‘ta -- R-C network time constant for the process (capacitor charging, 


discharging, or recharging), which is used to shape the working stroke. 


Consequently, a working stroke must be shaped during partial capacitor charging 
(discharging, recharging), when the voltage in it still is relatively unchanged 
from its initial value. Therefore, a contradiction always exists between the 
requirements for obtaining sawtooth voltage of high linearity and of great amplitude. 
The higher the linearity, the less the amplitude l':. 


Capacitor voltage must be reestablished to the initial value during recovery 


(flyback) ¢ . Therefore, in accordance with (XI.15) 


(1X.5) 


t, = 3s, 


where % == R-C netvork time constant for a process during which flyback shaping 


occurs. 


The simplest equivalent circuit to which any generator of linearly-changing 
voltage may be reduced is depicted in Figure IX.2a. This circuit includes an 
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Figure IX.2. General Equivalent Circuit of a Linearly-Rising Voltage 
Generator (a) and Its Output Voltage (b). 


integrator with equivalent parameters R,C,, equivalent constant voltage source 
£,, and switching element -- switch K with internal resistance ix. Actual 
circuit output voltage is depicted in Figure IX.2b. The circuit operates in the 


following manner. 


We will assume that switch K vas closed in the initial state (t 4 t,) and 
minimum voltage equal to the voltage drop across resistance Ai. was established 


f, 
in the capacitor: Ue wn = wR - The switch opens at moment ay and capacitor 


cy charges from source f, across resistance ,. Here, capacitor voltage rises 


along an exponential curve with time constant ‘t.p=-;=8.C,, © .ving tovards 


£,. However, at mment to» long before the charging process ceases, the 
Here, capacitor 


value 
switch closes and the capacitor discharges across resistance Ry. 


voltage drops from maximum value Ue wave achieved by moment to during the charging 


process along an exponential curve with time constant %ay™te™RuwC, initial value 


The circuit is in the initial state when discharge is complete and the 
Thus, the 


lc won o 
processes may be repeated for shaping of the subsequent "saw tooth.” 
working stroke of a linearly-rising voltage is shaped during partial charging 
(tymlp—f< tap) 3 Flyback (circuit 
(fa 3e.,.p) 2 In order to 


af the capacitor, when switch K is open 
recovery) occurs durin3 complete capacitor discharge 
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obtain ¢, }f, when working stroke linearity 1s high, condition  *rap 2.4 must 

be satisfied, i. e., R,>>A,. In addition, the smaller resistance R«, the 

less the U'ewes, value, i. e., the greater the saw amplitude Use e vance —Ucuun 5 
all other conditions being equal. Therefore, the basic switch requirement is 


low internal resistance magnitude in the conducting state. 


Diodes, ctriodes (tubes or semiconductor), pentodes, thyratrons, and relay 


contacts may be used as switches in GPN circuits. 


EXERCISE IX.1 


Compile an equivalent circuit for a linearly-falling voltage generator, using 
elements identical to thase in Figure IX.2a. Draw the circuit output voltage 
curve. What ratios must be satisfied in the circuit so that its output voltage 


parameters are the same as those of the linearly-rising voltage depicted in Fiyure 
IX. 2b? (Page 495) 


There are three basic GPN operating odes, depending on the method of /360 
switch control (throvover), in the Figure IX.2a equivalent circuit: external 
control, monostable (triggering), and free-running. The essence of these modes 


is explained in Figure IX.3. 


The duration of external control pulses ‘1=‘e determines the duration of 
the vorking stroke (length of time switch K remains in the open state) in the 


external control mode (Figure IX.3a). 


The GPN is triggered by short external pulses (switch K opens due to the 
action of these pulses) in the monostable (triggering) mode, vhile processes occurring 
in the GPN circuit itself determine vorking stroke duration (i. e., the moment 


switch K closes)(Figure IX.3b). 


The GPN operates free of external stimuli in the free-running mode and processes 
occurring in the CPN circuit itself determine the moments switch K opens and closes 


(Figure IX.3c).* 


“In essence, the external control mode also is monostable. Therefore, it is 
more accurate to term the second mode triggering, rather than monostable. 
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Figure IX.3. GPN Operating Modes: 
(a) -- External control; (bh) -- Monostable; (c) -- Free-running. 


2. Expressing Sawtooth Voltage Parameters Via Exponential Voltage Parameters. /361 
Formulation of the Linearity Problem 


We will express saytooth voltage parameters via exponential voltage parameters, 
the initial sector of which is used as the working stroke. We will use Af, to 
cesignate the equivalent voltage drop that stimulates a change in capacitor voltage 
during the vorking stroke. (For the Figure IX.2 circuit J£,"£,—Uecum. The 
magnitude of this drop clearly is determined as the voltage step at circuit output 
obtaine'! when the ~ ile! is canipulated if cajaccitor C is cut cut of the circuit.) 

Then the capacitor voltage rise process during the working stroke is described 


by expressicn 


(1X.6) 


Differentiating (1X.6) over time, ve will find that the voltage rate change is 
&39 








maximum at the beginning of the working stroke (t = 0) and is minimum at the end 


of the working stroke (t = ‘ ): 
d E s 
wy \ _ SE,, du She ie 
( tO ame 7 . ( a Jew = ry a (IX.7) 


Therefore, based on (1X.2), for the nonlinearity factor we will get: 


(Ss) (4) ate 

— | tt Sua 4? Juan ¢ 

a (*) pone t (1x.8) 
at. } wane 


When the condition that the initial sector of exponential curve (1X.4) is 


used is satisfied, it is possible to use approximate formula l~e-*=x, if 
ri (xait), and to consider that 


a it (1X.8a) 
a= = 
du, du, ip : é , Mets F ; 
But, Wm aw=T where ip -- capacitor charging current during the working 
stroke, 


This current decreases by an exponential lav from initial (maximum) value 


‘a at the beginning of the working stroke to finite (minimum) value 


I=mlye at the end of the working stroke. 


Therefore 


uy’ — /e [tue Ie 
\ a hie ( Jee = (1X.9) 


ano the expression for the nanlinearity factor may be written in the form /362 


3 Sg ede 


=> (1X. 10) 


Assuming in (IX.6) that 


t=wtl, , we will get the expression for saytooth 
voltage amplitude 


ee Sai ae a (tX.41) 
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or, considering (IX.8), 
U, = AE3,. (IxX.12) 


Hence, on the basis of (1X.3), the supply source voltage utilization factor 


equals 


boa Ae ea oes a (1X.13) 


> 
Assuming G2 =z 1 (realistically, € <0, from the last expression we will 
get maximum nonlinearity factor value 
Savane = 5F (1x.14) 
when the vorking stroke is obtained during complete capacitor charging, i. e., 


its duration is maximum (f;%3e.1). 


Finally, if one considers the rate of valtage rise during the working stroke 
(saw slope) as constant and equal to the rat= of exponential voltage rise at the 
beginning of the vorking stroke, then, on the basis of (IX.1), (IX.7), and (1X.9), 


we will get 


° 7 du, U, sE Ie 
VV Vine = (GE) at ae ee const (1X.15) 


The resultant expressions are justified for linearly-falling voltage as vell. 


How does one go about increasing working stroke linearity -- linearizing 
exponential voltage? Ratio (1X.10) answers <hat question, since it demonstrates 
that the nonlinearity factor vill equal zero if capecitor current constancy is 
provided during the vorking stroke shaping prcze3s: 34 = Q when Joel], =J=consi » 


Actually, in this case 


: { , 
uy=tc=e | icdt =) Mdts—t nan tis os em const (1X.16) 
3 


-- capacitor voltage changes by a linear lay (with constant rate (IX.15). 
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Thus, sawtooth voltage linearization requires that capacitor current be stablized 
during the working stroke. The following three linearization methods are /363 
used in GPN circuits vith increased linearity: 

-- use of current-stabilizing one-ports [two-terminal netvorks]; 

-- use of compensating positive voltage feedhack; 

-- use of compensating negative viltage feedback. 


We will examine the essence of these methods below. 
§ 2. SAWTOOTH GENERATORS WITH A LINEAR R-C INTEGRATOR 
l. Limitations Arising From Linear R-C Integrator Use 


If a linear R-C integrator is used in a GPN, then its equivalent circuit 


corresponds to Figure IX2a when actual parameters replace equivalent parameters: 


RAR, C=C. 2 = tay = RC, EL = E,: 


SE, =F, — Ue ann SE, (pit Ce aan << EY). (X,17) 


Therefore, based on (IX.8a), (IX.12), (IX.13), (IX.14), and (1X.15), outeut 
voltage parameters will equal 
E (*<.18) 


« tf. oe : 3 3 : 
in = 7G U, =F 3, §a Fe Sawa SL = Re 


Consequently, in principle it is impossible to obtain C,>E&,%,, i. e., 


?,>%, 5 when a linear R-C network is used. 


If, for example, source voltage equals ES = 300 V, and the nonlinearity factor 
must not exceed 1%, then say amplitude may not be more than 3 V, vhile its increase 
during a given e. value may be achieved only at the cost of a deterioration of 
linearity, and an improvement in linearity by the loss of a further decrease in 
amplitude. Therefore, linear R-C integrator GPN are used only when high linearity 
( 34 %10%) and great sav amplitude are not required. It is more precise to 
refer to the output voltage of such GPN as expenentially- rather than linearly- 


changing and the GPN as exponential voltage or sweep generators. 
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EXERCISE IX.2 = 


What is the physical cause of the fact that voltage Uc during capacitor charging 
across a resistance changes essentially linearly only at the beginning of the 


charging process (vhen t“& tus), while 4: <<E,? (Page 497) 


2. Triode Exponential Sweep Generator 


The generator circuit and input and output voltage curves are depicted in 


Figure (1X.4). The generator operates in the external control mode and produces 





Figure IX.4. Triode Exponential Sweep Generator. 


linearly-rising voltage. Triode Ly functions as switch K--discharging tube. /364 
Output voltage is shapec in capacitor C, i. e., picked off triode plate: 
“ewe=Ucmu, , The circuit operates as follows. Negative square pulses of 
sufficient amplitude to blank the tricde are supplied to triode grid. The triode 


is unblanked during resting times and minimum voltage is established at circuit 


output 


Cr wun = Us une = E, — 1.8, = 1,2, (1X.19) 


where R,. -- triode internal resistance to direct current. 





Upon arrival of the subsequent pulse, vhich blanks the triode, capacitor 








C charges acrass resistance Ro from plate voltage sous... E€|. Here, output voltage 
oe 
rises from value 


| 
' 
' 
' 
t 
: 
: 


ucwas by the lav of exponents 


$ 


: 1X.20 
joatetea ice se] + &, wus 


where “ap Roc -~ capacitor charging time constant.* 


At the moment the input pulse ceases 


(t=f,) , this voltage attains /365 
maximum value 


Uc ware = (E, x, uv, won) ‘l-e me ) -~l UX.2%a1 


uv Maa 


after which the triode unblanks and rapid capacitor discharge occurs across it. 
Qutput voltage drops to initial level 


Ucwss during the discharge process by 
the law of exponents: 


tat, 


ucg=s (Uc “exe Uc ann) e Ba + lu 


where tha» = Rise -- capacitor discharge time constant, 


Then the process repeats itself. Output voltage forward stroke and flyback 


duration obtained equal, respectively 


taal by Bip gay = SRC, (1X.21) 


SN NS, 


*Expression (IX.20) corresponds to (%I.10) and also may be obtained fram evident : 


TatiO u, = Ey— up Eg—inpk, » Capacitor charging current decreases by law fy 
¢ 


ee ‘ ‘ame of 
‘ wie “oy, dhile the maximum value of this current equals y= Fa" a wee 
i 


Thus, 
a 
E,—r’ ~” ai t 
uns E, fal pues : ait : 
: ie & Habs 08 Eg Ea — Ug wan) "Mp st 


onen—l, nan 
! z(fl— : 

sol, “Pome Than , 

; wow S 2 + Coane 
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while its amplitude 


( -<) (1X.22) 


U, Ue ase — Vous = (FE, a L—e ‘i 


Given assigned ratio a ,» the greater the eS and the less the Ua yi, value, 
the greater the UU’; value. It follows from ratio (IX.19) that both internal 
resistance Reg and its quiescent current le pe must be as small as possible 
for a Usws, decrease. The former provides triode type selection and connection 

of its grid across 4 large resistance to plus source bus +, (here, due to grid 
clamping, grid potential is clamped at slight positive level Yao >a). Sufficiently- 
high plate load impedance Ro must be selected in order to decrease plate current 


1 when Rio is slight. 





© VG ma Ys am fe “a 


Figure IX.5. For Determination of Value Useur(R, > R,:s 


Value Ususe is determined, as depicted in Figure IX.5, by the point of 
intersection of the triode plate characteristic for value ue Yoo and lcad line 


E—0" ‘ * 
5, ap «see Chapter III, 4 3, Figure III.13a). This point sust fall in the 


characteristic of the critical mode corresponding to triode dynamic saturation, /366 
given proper resistance R. selection.* (It is Remensheateess in Figure IX.5 that 
triode dvnam:c saturation is insured where resistance Ry +R 3? i. 8., resistance 
R. 2s rot large enough). Coarging time constant up = RC is selected from 


compromise circumstances: on the one hand, its value must be sufficiently great 





*de vill recall that the load line intersects on the X-axis of segments 


u, > €_ and sloped tovards it at angle s=areitgt. 
a” “a R, 


445 





ty 


far obtaining sufficiently-slight nonlinearit, factor <s » and, on the 


other, is sufficiently slight to chtain assigned sav amplitude U,=£,3,. 


Capacitor C capacitance should be as slight as possible to reduce recovery 
time %=3R C,. Hovever, this capacitance significantly must exceed circuit stray 
capacitance n:, which is the sum of triode output capacitance, circuit capacitance, 
and the input capacitance af the subsequent stage, comprising about l0--15 pf. 
This is necessary to decrease the impact of capacitance C, changes on cutput 
voltage parameters. Condition C=C, , given selected magnitude “up = RoC, 


may constrain the maximum resistance R. magnitude. 


EXERCISE IX.3 


Dray the output voltage curves for the circuit examined (Figure iX.4) for 
several control pulse spacings if, at noment t', unile the secand p~utse is active: 

a) control pulses ceased arriving; 

b) the triode partially lost emission; 

ec) the triode completely lost emission. (Page 497) 

One can envision a "stepped" (discrete) change in the scale of the scanning 
range in range displays vitn an exponential sweep. Working stroke, i. e., control 
pulse, duration (ft, sty) changes spasmodically for this purpose. It is desirable 
wben suitching scale that there 1s no change on the screen, first, of sveep origin 
position and, second, sveep trace length. Sveep wiltage U,..». initial level 
constancy watisfies the first r-quirement, while constancy of its amplituce (', 
provides the second. But, the rate of sweep voltage UV rise nust be changed 


accordingly to retain sveep amplitude when vorking stroke duration changes. 


. j ty. c te7, 
Actually, if C4} =const,when the scale is switched, then oo ae (Figure 
‘ ? 


IX.6). 


EXERCISE IX.4 


What svitchings sust be nade in the Figure IX.4 circuit in order to change 
sueeo voltaje during transitiscn from scale 1 to scale 2 in accordance with Figure 
'6.6 otye tnd yhen the larearaty condition is satisfied? How vill nonlinearity 
(Page 498) 


factor ¢« change here? 





can 
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Figure IX.6. For Exercise IX.4, (a) -- Scale. 
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We now will examine how capacitor leakage resistance Ry: and load imoedance 
R, (input resistance of the subsequent stage) affect output voltage shape. In 





ZL 
(4) 


Ca} 
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Figure IX.7. For Calculation of the Influence of 
Resistances Shunting Capacitor C. 


i accordance with the Figuce IX.7%a circuit, both capacitances shunt capacitor C. 


Transforming this circuit by the theoren un the equivalent generator relative 
to points 3a, ve will shift to the circuit in Figure IX.7b, where 


Kye E.R 
; ox a 
Re Te ot alt rar . 





The cngucitor in the resultant circuit vill charge vith shorter time constant 

(«, = 72” 
0 Ratha 
The decrease in the charging time constant curing the given vorking strexe /368 


C<tuy RC} from an equivalent lowered voltage source (£.<&,)., 


S 
& 
~ 





ee ee ie Re, 


atten bree mitaens sista 
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duration leads to an increase in the nonlinearity factor. Actually, based on 


(1X.8a), ve vill get 











. ty t, ty Ry + R.,% E ( _R 
=—_=> = ,=3,fl+—2 
3 RAR: # ( R , iy " R ): 

Me eee * = (1X.23) 


The reduction in equivalent generator voltage vill not impact upon voltage 
amplitude since the rate of capacitor voltage rise will increase to the same degree 


due to a decrease in “vp 


"FS ees /) Ra 
mime, ky ah + et} Seely (IX. 23a) 
*R- wy 


Thus, capacitor shunting by resistances leads to a deterioration in sawtooth 
voltage linearity, which is justified for any GPN circuits. Therefore, output 
voltage in many practical GPN circuits is picked not directly off a capacitor, 
but off those circuit points, the voltage between which changes by the same lay 
as is the case for the capacitor, but connection to which the capacitor essentially 
does not shunt the load. Output voltage is picked off the capazitor acrecs a 
buffer stage with high input resistance -- a cathade follower, if such points 
are absent in the circuit, as is the case with the circuit being examined. 


Negative pulses blanking the triode and positive pulses unblanking it also 
may be used to control an expenential sveep generator. In this event, circuit 
recovery (C discharge) occurs while the pulses are active and their duration must 
be sufficiently great: ft,5¢t,. The working stroke is shaped during resting times 
taal, when the triode must be blanked. This is done either vith an outside 
negative bias scurce or through dvnamic bias resulting from passage of positive 


puises across coupling capacitor C)- 


The possibility of output voltage distortions due to control pulse action 
directly at circuit output across triode transfer capacitance C 4 is a shortcoming 
of this circuit. These distortions essentially may be eliminated if a pentoce 


is used as switch in place of the diode. 





ao ee etme. 





3. Oiode Exponential Sweep Generator 


Generator circuits and voltage curves are depicted in Figure IX.8. The generator 
operates in the external control mode (fa=¢,) and produces linearly-rising voltage. 





Figure IX.8. Diode Exponential Sveep Generator. 


Diode D) plays the role of switch--discharging tube ind positive-polarity /369 
control pulses are supplied across coupling network C,R, to its cathode. Diode 
Dd) blanks ( 4; © Q) while the control pulse is act:.- and capacitor C charges 
from source BS across resantance R. Diode Oy is unbluraed ( wii * Q) during 
resting times and the capacitor discharges across the d:cde and resistance Ry 
with time constant ‘rap=ReC (ve will disregard diode internal resistance ®, 
“rite ), Here, capacitor voltage vill strive towards the initial value equalling 


(if one disregards R, ) Cou = yh It is evident that circuit recovery 


time equals ¢,= Stay = IRC , 

Ratios (IX.18) as usual determine output voltage parameters. 
EXERCISE IX.5 

a) Explain the purpose of diode 0>. 

b) Prove the circumstances for selection of the ? magnitude. 


c) Formulate the requirements for control pulse amplitude Cs:.. (Page 498) 
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4. Thyratron Exponential Sweep Generator 


The generator circuit is depicted in Figure IX.9a. The generator produces 
linearly-rising voltage and may operate both in the free-running and external 





Figure IX.9. Thyratron Exponential Sweep Generator (a) 
and Its Output Voltage Curves for the Free-Running Mode. 


synchronization mode. The thyratron plays the role of switch--discharging tube. 
Plate voltage at which ionization of the thyratron gas occurs, i. e., thyratron 
"Firing," is referred to as firing potential U;. Plate voltage at which gas 
deionization occurs, i. €., thyraton “quenching,” is referred to as quenching 
potential Ur, The special feature of the thyratron used in this circuit is that 
firing potential significantly exceeds quenching potential U,>U,. Self- 

excited relaxation oscillations arise in the circuit due ‘o this particular feature 
and it lacks the positive feedback netyvork mandatory in other self-excited /370 


pulse generators. 


We will examine circuit operation in the free-running mode. The output voltage 
curve for this instance is depicted in Figure IX.9b. The thyratron -ses not fire 
at the moment plate voltage aa source is ccnnected since plate potential is unable 
with a jump to reach firing potential due to presence of capacitor C. Capacitor 
C charges from source ee across resistaice Re since the thyratron will not conduct. 
Here, caaicitor voltage (at thyratron plate) rises along an exponential curve 
with tite constant ‘tu. = Ro. The thyratron fires at moment ty when this voltage 
reaches value U3 and a rapid capacitor discharge occurs across it with time constant 
“rap = RC, where Ri -- slight internal resistance of the conducting thyratron. 
The thyratron quenches when capacitor voltage decreases to value Ll’, (moment to), 


.csulting in capacitor C beginning to charge anew, and so forth. 
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Potentiometer ®, makes it possible to control the magnitude of thyratron 
negative grid bias and thereby to change firing potential L’. (quenching potential 
'’. essentially does not depend on the grid voltiage). Resistance i constrains 
conducting thyratron grid current. Ratios (1X.18) for output valtage parameters 
remain justified for this circuit as well if the condition whereby the C charging 
exponential curve is used as initial sector working stroke is satisfied: 
oe <i « However, saw amplitude here will not depend on source voltage 
fy working streke duration, and the charging time constant and always equals 
Uyel,;—C, , while circuit parameters exclusively determine working stroke 


and flyback duration and, consequently, saw frequency. 


EXERCISE I[X.6 /371 


Based upon the expression describing the laws of capacitor C voltage change 
during its charging and discharging, prove the fermulas for output voltage forvard 
etroke and fiyback duration ‘: and +7, . How wil) a aecrease in potential 2, 
and source voltage Es increase impact on output voltage parameters? (Page 499) 


Along with simplicity, circuit advantages include slight flyback time, which 
is explained by insignificant conducting thyratron resistance (R. = 40 + 80 ohms) 
and very low (about 10 V) level lcwm=l,. Firing and quenching potential 
instability, as well as the possibility of premature thyratron firing due to finite 
deionization time 14, following thyratron quenching (moment to), are considered 
circuit shortcomings. Premature firing leads to a reduction in working stroke 
duration and a decrease in sav amplitude (dotted curve in Figure IX.9b). Therefore, 
the deionization process must cease ccnmpletely still at the beginning of the working 
stroke, wnile voltage Up has only risen slightly, i. e., condition t, of, must 
be satisfied. Sut, this constrains maximum saw frequency to values of 50--100 


kHz. 


Positive pulses suppl.ed to thyratron grid across isolating circuit CiRy 
are used for external generatus synchronization to stabilize sav frequency. Sync. 
pulse spacing must be somevhat l.ss than the inherent oscillations of the circuit. 
In this event, every pulse in the steady-state mode forcibly will ignite the thyratron 
slightly before the capacitor voltage reaches value U,. Values ¢, and U’, 


will decrease accordingly. 
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3.3. SAWTOOTH GENERATORS WITH CURRENT-STABILIZING TWO-TERMINAL NETWORKS 


1. Savtooth Voltage Linearization Principle Using Current-Stabilizing Tyo-Terminal 
‘Setvorks 


Nonlinear resistance, whose magnitude changes in proportion to the voltage 
applied to it, resulting in the force of the current pussing across it remaining 


fo s=eonst), is referred to as a current-stabilizing two-terminal 


network [one-port].* 


constar.t (;,= 


Volt-ampere characteristic <rr=<'--) of an ideal current-stabilizing two~terminal 


netuork is depicted in Figure IX.10a. We will connect such a two-terminal network 





Figure IX.10. Ideal Current-Stabilizing Two-Terminal Network Volt-Ampere 
Characteristic (a) and Its Connecting Circuit to a 
Capacitor Charging Circuit (b). 


to a capacitor charging network using the Figure 1X.10b circuit. Voltage applied 
to Lhe tuvo-terminal netvork equals W-er"2&,—uc and it decreases due to the voltage 
Uc rise as the capacitor charges. Hovever, the current passing across the /372 
tyosterninal netvork and discharging the capacitor ippmiep, remains constant. 
Therefore, in accordance with ratios (1X.16), voltage Uc rises strictly by a linear 
lav. It is evident that if the current-stabilizing two-terminal retvork is connected 
to the capacitor discharging netyork, ther the voltage in it will decrease also 


by a strictly-linear lav. 


*Here and in future, we vill use TT tu cesignate current-stabilizing tyo-terninal 
netvork terminals, 
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Naturally, the characteristics of actual current-stabilizing two-terminal 
netvorks differ from those of an ideal network and their use makes it possible 


to increase savtooth voltage linearity only to a certain degree. 


The pentode, whose volt-ampere (static plate) characteristic i= € (u,) 


is depicted in Figure IX.1l and, given clamped control and screen grid voltages, 





Yq 


Figure IX.11. Pentode Volt-Ampere Characteristic. 


plays the current-stabilizing two-terminal netyork TT role in tube circuits is 
depicted in Figure IX.1]1 and has a virtually horizontal sector (see Chapter III, 
§ 2, Figure I1I.5). The voltage applied to it ury=u, drops from certain initial 
maximum value ae during capacitor charging (discharging) across the pentode. 
However, a3 long as it remains greater than critical plate voltage L'ax, , plate 
current changes slightly i, = const. Given uaeUaxg , Current stabilization is 
disrupted since intense cathode current redistribution between plate and screen 
grid begins (current i, drops sharply, vhile current 152 rises). Thus, pentode 
voltage may range from Usuesc™Ussonly to Usuan=Uaxp when working stroke linearity 


rises. This constrains the maximum sawtooth voltage amplitude by magnitude 
On uae @ Ug — ‘ep (IX. 24) 


Value De. may be compared to plate supply source voltage and comprise /373 
several hundred volts and pentode properties ( Uj. = 30 + 60 V) determine value 
Cts 


Three variations of pentode use as a current-stabilizing two-terminal netvork 


ar2 possible in practicai circuits. The two-terminal networks corresponding to 


453 








* 


* 
lf 
TF 
; 


Figure IX.12. Pentode Current~Stabilizing Tvo-Terminsl Network 


Circuits (a), Volt-Ampere Characteristics (b), and Equivalent Circuits (c). 


these variants (a), a simplified plot of their volt-ampere characteristics (D), 


and the equivalent circuits to vhich they will be reduced (c) ure depicted in 


Figure IX.12. 


Variant I. Cianped Crid Potential Pentode (Figure 1X.123, I). 


Broken line OAS may be used to approximate the pentode volt-ampere /374 
characteristic vhere Eo = 9 and E42 = cenct (Figure [X.12b). Laine I coinciding 
with current-stabilizing sector AS, accumulates at the X-axis at angle a =sarc ez ’ 
where A, wet ed pentode internal resistance to alternating current, and intersects 
Therefore, the sector js may be written in the form 


eerrent E' on this axis. 


vy rE Hence, the equivalent circuit for nonlinear tvo-terminal network 


t wb . 
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TT vhere u, +U4.) is represented in the form of sequential connection of linear 
tesistance R; and fictitious constant voltage source E', which maintains current 
i, = in (Figure [X.12c, 1).* The greater the value of R, and Et (i. e., the 
mare horizontal sector 15), the higher the current-stabilizing action of the 
pentode, given the assigned average current i, value. This is explained physically 
by the fact that, uhen E' increases, the voltage us change during the vorking 
stroke exerts an ever decreasing influence on current magnitude. Ideal current 
stabilization requires that E' = 3 , Re = ¢o , i. e., sector AS would be 
horizontal (see Figvre IX.10a). Most pentodes have an E' value on the order of 


several kilovolts, which significantly exceeds plate supply voltage: £' X Es 


It is easy to determine the parameters of savtooth voltage obtained when 
a capacitor charges across the pentode ifathe Figure IX.1l2c, I equivalent circuit 
on Figure [X.10,9 
replaces the tvo-terminal netvork TT. Then, considering that <;=*sp = RC; 
AE, RE +E" (we disregard value Cl'¢y.<&) im the case under examination, 


based on ([X.8a, IX.12, and IX.13) we will get 


= gi Ue (Ey EV =, (Ik.25) 
Comparing these ratios with ratios (IX.18) for the case in which the capacitor 
charges across resistance R and considering that €' SX Ef. we see that, in this 
case, sav amplitude lL’, and the source voltage utilization factor are significantly 
greater, given identical nonlinearity factor 3. . Essentially, this linearization 


method makes it possible to obtain 3n 2» 1% where a? 0.5—0.8, 


Variant II, Pentode enveloped by negative current feedback (Figure IX.12a, 
II). 


Negative feedback 's5 created due the voltage drop across pentode cathode 
load impedance Ry:us— :.2,=—~u,, » AS indicated in 3 IL1I1.4, negative feecback 
action increases tyvo-terminal netvork resistance to alternating current and provides 
additional pentode current stabilization. As a resuit, vorking streke linearity 


rises in comparision to the previous circuit. Here, hcvever, negative bias /375 


i 


*Introduction of source E’ ascribes to Re a sense of resistance to alternating 
current. 
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Ug) © QO reduces average pentode current value. Therefore, during identical time 
:, , the capacitor will charge (discharge) to a lesser degree than in the previous 


instance (vhere u 1? CO), i. e., saw amplitude and source voltage utilization 


factor will decreac.. 


Considering negative coupling action, in accordance with (III.74) two-terminal 
netvork TT resistance equals RirmR,~(l=pyRy » where Lt -- pentode static gain 
Coit Sod. Therefore, line II in Figure IX.12b, coinciding with the current- 
stabilizing sector of this tvo-terminal network's volt-ampere characteristic, 
sluves at a lesser angle 2.,=are tex. than line I (which also provides better 


curtent stabilization) and passes under it (which corresponds to a lesser current 


value). 


The line II equation is written as s,= Ae Ef » hence the two~terminal netvork 
wr 
Nerging 


equivalent circuit is represented in accordance with Figure IX.12c, II. 





the Figure IX.10b two-terminal netvork circuit with this equivalent circuit and 


considering that, in this case, %s = twp ACHR, rl ayy] C, wy =E ee , 


based on (IX.8a, IX.12, and IX.13), we will get: 
*F 


b= ctr eamie Ces (Ent E) bn ty = (1X. 26) 


Comparing these ratios vith (IX.25), we see that, given the same magnitude 
‘, 93 was the case in the previous variant, the nonlinearity factor significantly 


decreases; hovever, here, saw amplitude and source voltage utilization factor 


decrease by the identical factor. Essentially, this linearization method makes 


at possible to reduce value ?« to tenths of a percent. 


Variant [fI. Pentode enveloped by negative current feedback, with positive 


constant bias in the control grid netvork (Figure IX.12a, III). 


The current-stabilizing action of this tvo~terminal network 1s approximately 


the same as for tvo-terminal netvork II (also provided by negative feedback). 


Hovever, positive bias Eni increases the pentode current direct component, thanks 


to whch the capacitor charges (discharges) to a great degree during the same 


working stroke time. Therefore, values l, and vill rise while high linearity 


is retained. Line JII in Fisjure IX.12b, coinciding vith the current-stabilizing 
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sector of the volt-ampere chcracteristic of this two-terminal netvork, is sloped 
at the identical angle as vas line II, ayy = ay = are ty ge ,» but it passes above 
it, intersecting large segment £' +E) on the X-axis.* 

The line III equation 1s ote 
terminal netvork equation is in accordance with Figure IX.12c, III. Merging the 
Figure IX.10b tyo-terminal network TT with this equivalent circuit and considering 


» Nence the equivalent two- /376 


that, in this instance, 7, = typ. =R,,C = ([R, + (1 —4)R,|C, AEE, = Fe aE UE, PE DE, 
based on (I1X.8a, IX.12, and IX.13) we will get 


fy 


an a A, stile at kat : l, aa {E, vr E a nE i) Sus 
5 C,+ E +58,.. 
= A Jae (IX.27) 





Comparing these ratios vith (IX.26), we see that, given the same magnitude 
fr, extant in the previous variant, the same slight nonlinearity factor is retained. 


Hovever, saw amplitude and source voltage utilization factor increase significantly. 


The results obtained for capacitor charging across the three current-stabilizing 
tvo-terminal netvorks examined are compiled in Table 2, with expressions (IX.18) 
initially introduced for comparison for a case in which a capacitor charges across 
linear resistance R. Maximum nonlinearity values Base (1X.14) also are presented 


there. 


These results also are explau.2d in Figure (1X.13), vhere the approximate 
shape of linearly-rising voltage is depicted for identical vorking stroke time 
for all four instances (R = 2; is assumed for clarity). 


All ratios remain ir force for linearly-falling voltages shaped by {377 
means cf capacitor discharge. There is a requirement only to replace plate supply 


source voltage ES in the formulas for UY, and in the numerator of formulas for 


*Under the influence of positive bias Eo p:.ate current rises in the same 


manner as it vould if plate voltage rose by masr. .*.ude KLE.)- 
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KEY: (a) -- Element across which the capacitor charges; (b) -- Where; 
(c) -+ Resistance; (d) -- One-port. 


S. vath the maximum capacitor voltage at the beginning of the working stroke 


Cieane (often Usyane = E,)- 


Besides a pentode, a triode, vhose internal resistance to direct current 


is less than that of a pentode, may be used as a current-stabiliz:ng one-port 


for savtcoth voltage linearization. Hovever, since a triode volt~-arpere char- 


acteristic does not have a "horizental" sector, in this c 
in the grid netvork (variant I11) are mandatory. 


> poverful negative 
current feecback and positive bias 
Here, ratios (iX.27) determine sawtooth voltage parameters if E' = 0 is placed /378 


in them: 


" 





3 ee, fe Fe; ‘s 

ge See te er ley Pers 
tet bes (1X. 27a) 
2 kag af 


2. Linearly-Rising Voitage Generators vith a Current-Stabilizing Pentcde 


oe 


Tyo linearly-rising voltage generator circuits and the curves of their input 


(for comparison simplicity, they are identical) and output voltages are cepicted 
atwl4. 25th circuits coerate in the external centrol mode, They differ 


in Figure 
netator (Figure IX.4) only in that a current 


Fram the triode exponential scveep ge 
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Figure IX,1% Comparative Shape of Linearly-Rising Voltage 
For Cases Examined in Taple 2. 

ai charge Chroush Cwo-terninal aetwork IIL, 5) charge through 
eminal network [; ¢) charge througn two-terminal aetwork 1; 

ree through R. . ; : ‘ - 
stabilizing tyo-termianal netyork TT is connected in both circuits in place of 
piate load incedance oat As a result, as was indicated above, output voltage 
linearity 15 increased significantly. Triode Ly in both instances as usual functicns 
a3 tyuitch Keecischargine tube; rapid capacitcr C discharje occurs across if ‘uring 
resting tates between control pulses. Pentode L,, enveluced by negative currert 
feecback (variant II in Fagure IX.12) is uced in the Figure IX.1464 circuit as 
the current-stabilizing tvo-terninal netvcrk across which capac:tor C charges 
voile control pulses are active. Ratios (1X.26) de.ernine t? output voltage 
pacareters of this circuit. Pentode L,, also enve .oped by negative current feecback 


but sith additional oositive bias Bat in the control grid netvork (variant II] 


in Figure IX.12), 15 used im the Figure IX.l4b circuit as the current--tabilizing 
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Figure [¢.t4. Current-Stabilizing Pentode Linearly-Rising Voltage Generaturs. 


tyomterminal metaecrk. Bias source £ l also provides screen grid potential. Circuit 
output voltage is picked off tetveen pentoce cathode end "ground" rather than 


Hore, at differs from linearly-rising voltuye Up by essentially 











Freed magnituce oo ayepseotnest cnly sweral volts.* Cut tne celetericus 
Inf luce 3 3d incedarcs menlinearity factor decreases. Ratios (1X.27, 
poe aE of this tircunrt. 
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EXERCISE 1X.7 


a) Explain viny negative feedback action in the Figure IX.l4a circuit leads 


to uuiput voltage linearization. 


b) How des connection of positive bias fot to the control grid network /379 


impact upon Figure I[X.1l4b circuit output voltage parameters? (Page 499) 


Independent voltage EG? E42 sources need to be used in the Figure TX.14 
circuits since, as a result of the increase in Lo cathode potential as the capacitor 
charges, not a single one of the poles of these sources has a clamped potential 

and, consequently, cannot be connected to circuit chassis ("grounded"). The follevir 


circuit does not have this shortcoming. 


3, {ineairly-Rising Voltage Generator with a Charged Capacitor as Positive /380 


Bias Source 


The generator circuit and curves of voltages explaining its operation are 
degicted in Figure IX.15. Triode Lis to whose qrid negative contro. pulses are 
supplied, 35 usual plays the role of switch--discharging tube for capacitor C. 
Triode Ls, envelorec by megative current fer dback with positive bias in the control 
crid, 13 the current-stabiliziny tyo-termii.1 netyvork TT across vhich capacitor 
Yecictarce @. creates the nejative feedback, vhile capacitor Co creates 


C charce3. 

pesitive bis. Trioce Ls will serve fo: capacitor C, replenishment curing resting 
2 

times betveen input pulses. 


The circust coerates as follovs. Triodes Ly and L, are unblanked during 
Testing tives betueen arput sculses. Capacitor C discharges acrass trioce Ly to 
voitage Cewm Us: eee uith tine constant trep=] AyCats, . Triode L, positive 


wale 


Jrig deste ces .f5 internal resistance to direct current Rol? 1. @., reduces 


Values tas und loam. Cacacito™ C, is cnarcged by triode L, current to voltage 
- 
Yeo = 245° ancaied sith a "plus" ta toisde Ls grid. Pstentiomete> R, may be 


uted to csr 


ts 


trol the current 13 magnitude and, consequently, voltage Ura as vell. 


3 


Triode L, and, ammediately thereafter, triode Ls are blarkxed upon inreut pulse 


arrival and ensaestor C charces across current-stabilizing triode Loe Sinultaneousl 
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Figure [X.15, Linearly-Rising Veitage Generator With Charged Capacitor 
As Posit:ve dias Source. 


capacitor C, discharges across resistance R,, vhose selected magnitude is 381 
- < 
darge encugh (an tne order of unities of megohms) to satisfy condition 


trata Rly ot Thorefore, veltace Yo cecreaces Slichtly vhile the pulse 


’ 
i a . 


1S active and plays the role of constant positive bias in the triode Lo control 


- 


gtid netvork. 


1 


Triodes L, and Ls ace u’ lanked again when the pulse ceases, capacitor C 
rapidly discharges acr 


’ and capacitor C, recharges arrocs triode 
- 
Output voltage 4s picked off cacacitor C and ratios (IX.27a) determine its 


oss triode L 
L.. 

3 

parameters. The circuit sakcs it possible to cbtain savtooth voltege with amplitude 


’, = 100 + 203 V and ronlinearity factcr 3, = lew3%. 
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The linearity of this voltage at the very onset of the working stroke 
deteriorates because triode Ls blanks somevhat later than does triode ty. Actually, 
a certain amount of time is required after triode tL, blanks for capacitor C voltage 
to rise to that AU, magnitude at vhich triode lL cathode potential vill increase 


enough for its blanking. [It is evident that 30% = En — Cy: , uhere 


But, as long as triode Ls remains unblanked, C charging occurs not only by 
triade Lo stabilizing current, but also by triode L; current across resistance 


R Value AU, vill not exceed several volts, given a sufficiently high Ro magnitude. 


os 
EXPRCISE IX.8 


a) Dray and explain the approximate shape of distortions at the onset of 


the working stroke arising due to nonsimultaneous triode Ly and Ls blanking. 


b) Hov will output voltage parameters change, given an "upward" snift of 


the Figure [X.35 potentiometer Rk, arm? (Page 500) 
4. Linearly-Falling Voltage Generator witi a Current-Stabilizing Pentode 


The generator circuit and the curves of its input and output voltages are 
depic. : in Figure 1X.16. The circuit operates in the external control mode and 
shapes che vorking stroke by means of capacitor discharge across a pentode (variant 
I in Figure IX.12). Trioge Lis to whose input positive-polarity control pulses 
are supplied, functions as the cvitch, This triode unblanks when the control 
pulse is active and capacitor C charges rapidly across it from voltage source 
+f 5: ihe capacitor charges to voltage C's veme 52 vane @Ea — Us wm Since pentode 
Ls siiultanecusly 15 unbianked here. 38ut, pentoce internal resistance to direct 
Therefore, un > 


is ~ e + + : . 
current is much greater than that of the triode R o2m R ol 


Q\u_, andé.... 20. 
> “al Oo vgn BES 


Triode Ly is blanked during rest:-g times since its cathode potencial /382 
ue.muc greatly exceeds grid potential vhere uw, = 0. Here, canacitor C is 
discharged by virtually censtant current across oentode Lo. Voltage Ur is reduced 


virtually by a linear lav during the discharge process to value Ucwon, vhich 
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Figure IX.16. Linearly-Falling Voltage Generator With Current-. -,ilizing Pentode. 


is attained by the time the subsequent control pulse begins. The action of the 


subsequent pulse causes the process to repeat. 


Pentode current, i. e., the rate of capacitor C discharge, is controlled 
by variable resistance Ror which supplies the magnitude cf negat ve bias to the 
pentode control grid. Given the assigned vorking stroke duration (f,=f,), this 
makes it pocsible to change the Uc value and, consequently, savtooth voltage 
amplituce U',. Value Ucyg, Cecreases vhen negative bias decreases (vhen the 
R. arns 13 snifted “upyaras"). Howover, there is a requirement to satisfy condition 
Ccem>Use in order that capacitor discharging current stabilization at the 
end of the vorking stroxe is not disrupted. Here, triade Ly also is maintained 


in the blanked state until the end of the vorking stroke since cme pire 





“Dynamic bias arising in the triode Ly grid vhen positive control pulses pass 


blanking (see Chapter II, 3 5). 
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Pulses of significant amplitude Usy=U'c wane are required fer circuit control. 
Actually, there is a requirement that U,,—Ucwaxe>Ego: in order for triode Ly 
to be unblanked during the ertire control pulse duration. Otherwise, the triode 
will blank before the control pulse ceases due to the cathade potential increase, 
which leads to a reduction in value Ucyaxcand amplitude U1. Ratios (1X.25) 
determine circuit output voltage parumeters and, in practice, one may obtain 
3a >1°5 vhere az 0.6—0.8. Resistance R, may be connected to the pentode cathode 
network to increase linearity. In this event, capacitor discharge during the 
vorking stroke is more constant, but by less current (variant II in Figure 1X.12), 
resulting in the fact that, in accordance with (1X.26), value ar ie Ory 


linearly-falling valtage amplituce, vill decrease along vith the 3. decrease, 


EXERCISE I1X.9 


Dray the approximate shape of the Figure IX.16 circuit output voltage if 


UidwSGuips (Page 500) 
5.4. SAWTCOTH CENEPATOR WITH COMPENSATING POSITIVE VOLTAGE FEEDBACK 
1. Sayvtooth Voltage Linearization Principle Using Positive Feedback 
Charging current equals ;.= = as a capacitor charges from source E 





across a resistance and it decreases due to the rise in voltage Ure which opposes 
source voltage €. The nonlinearity cf the voltage Un rise lay (see Exercise IX.2) 


is a result of the current decrease, 


The essence of this linearization method is that voltage Ur action is neutralized 
by special compensation voltage «=. , vhich will be introducec into the charging 
netyork through the positive feecback loop. Compensation voltage must equal voltage 
Urs but act opposite in phase vith it: u,ym—ue - Here, capacitor charging current 
turns out to be constant 


: E~u,n+u, 
(= a =const®, (IX, 28) 








ecinoeiieee 
*One should uncerstard uy, and us as being variable components (increments) 


of thece voltages. 
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and, in accordance vith (1X.16), capacitor voltage vill rise by a linear law. 


We will assume that one of the capacitor plates is "grounded" (has chassis 


clamped potential). Then the capacitor charging circuit during the vorking stroke 





Figure IX.17. For Compensating Positive Voltage Feedback Use. 


is depicted as snovn in Figure IX.l7a. Caracitor voltage itself, which across 

an amplifier with gain K = 1 will be intsoduced in reverse into the charging netvork, 
is used as compensation voltage. It is evident from Figure IX.17a that only points 
gk may be amplifier input terminals, while points ak may be output terminals. 
Therefore, the amplifier connection circuit corresponds to Figure IX.17b. Point 

a potential also must rise if point g potential rises. Consequently, the amplifier 
must not invert the input voltage phase (K = +1). In addition, it must have high 
input resistance so as not to shunt capacitor C and slight output resistance /384 

so that a lov-resistance load may be connected. A cathode follover satisfies 


these requirements (se2 Chapter III, § 4). 


Feedback active in the circuit is positive since the point g potential rise 
across the amplifier, source E, and resistance R again is transmitted to the “upper” 


capacitor plate (at amplifier input). 


The equivalent circuit for the Figure IX.17c variable components, vhere Kup 


-~ amplifier output voltage and Ry, -- its output resistance, corresponds to 
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the Figure IX.17b circuit. Considering that A.4<R, for this circuit ve 
will get 


E~u, + Ku, E—a,.(l!—k) 


(gee es 





R+ Ry on R , 
hence 
t 
en E j= Ky dup 1-K E 
ucaa : icdt =zat— RG lucdt, or et a tem ee. 


The solution of the last equation (given zero inicial conditions) is 


temple EF ) (1X. 29) 


The Figure IX.17d equivalent circuit corresponds to expression (1X.29), from 
which it follows that the examined linearization method is equivalent to an increase, 


by a factor of <x » both of source voltage, i. e., extant charging voltage 
drop, and of charging resistance, i. e., of the charging time constant. /385 


Therefore, equivalent charging netvork parameters (see Figuce IX.2) vill equal 


E R 
M,= 7%! R= TR eR C= AS. (1X.30) 


Considering (IX.30), based on (IX.8a, IX.12, I[X.13, and IX.14) we will get 


‘ at vy. pr & .., to... 
=U KU, = Toa 3 = T— Ko" 3n wore 1K. (IX.31) 


It follovs from these expressions that the closer the amplifier gain is to 
unity (where K = 1, 34 = 0), the greater the resultant savtooth voltage linearity. 


Given the assigned nonlinearity factor value 34 = const, savtooth voltage amplitude 


U's and source voltage utilization factor €. rises by a factor of — compared 
to a linear R-C integratcr (ve vill recall] that they may not exceed values 
Ua wane . fy lawane = 1). Essentially, the result is 3 = 2—3% where 

3; = 0.6—0.8 for a cathode follover vith K = 0.95—0.98. 
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EXERCISE [x.10 
















a) Using the Figure IX.1l7b circuit, explain wniy capacitor charging current 


remains constant. 


b) Plot om one graph the capacitor voltage curves when the capacitor charges 
across a resistance and based on the Figure IX.17b circuit, given identical C 


and R values. Assume K = 0.8 for ease in plotting. (Page 501) 


Practical realization of the Figure IX.17b capacitor charging circuit during 
the vorking stroke is complicated because the charging voltage E source turns 
out to be insulated from "ground" (not one of its terminals has chassis potential). 
This rules out direct use cf plate voltage source ES as the source. Therefore, 
a capacitor of large capacitance, preliminarily (during tine ‘,) charged to voltage 
o plays the role of source E during the vorking stroke shaping process in practical 


positive-feedback GPN circuits. 
2. Lanearly-Rising Voltage Generator vith a Capacitor as Charging Voltage So. rce 


The generator circuit and the curves of the voltages at its characteristic 
points are depicted in Figure IX.18. The generator operates in the external 
control mode, Linearly-rising voitage is shaped in capacitor C, while capacitor 
C, plays the role of charging voltage source (C, 3C). Triode Ly is the switching 
element and negat:ve-epolar:ity control pulses blanking it during vorking /386 
stroke period (¢,«f, are supplied to its input. A cathode follover 1s assembled 
on triode lL. and positive feecback is accomplished across it, linearizing the 
working stroke, while circuit output voltage is picked off it. Capacitor C, recharges 
across diode D during resting times. The circuit operates as follovus. 

Initial state. Tubes Li» Lo and diode O are unblanked prior ta control puise 


arrival. Capacitor C discharges across triode Ly to minimum voltage 

? E 3 ; 
Uc ane Ue ee Ka REA Riot ,shere Py , Rig 77 diode D and trioce Li, 
respectively, internal resistance to direc> current. Since Rw, » A, (triode 
Ly positive grid insures that R iol is very .'ight), voltage Ucwa comprises cnly 
Several volts. Capacitor Cy is charged from voltage source ES across diode D 


aes. 
éj 





Figure [X.,18,. CLinearly-Rising Voltage Generator With A 
Capacitor “3 Charging Voltage Scurce. 


and resistance PB, £9 maximum valtacge almost equalling E: 


Coswanes lym My mde SE, iu, 2E uyeXE,). Circuit output voltage is minimum 


2 since minimum voltage Ucugs, 25 applied to cathode follover input. 
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Operating stage. A control pulse blanks triode Ly at moment ty: In /387 


this connection, capacitor C begins to charge from source E. along netvork +t 
diode D, R, C, -£, (chassis). The voltage Up increase (of point 6 potential) 

is transmitted across the cathode follower to point 8 und leads to a rise in 

point A potential since 4.="n-r2, and, as long as the diode is unblanked, voltage 
Up = const. As a result, diode cathede potential Uy vill exceed value ES (the 
potential c” its plate). At moment tis when this excess vill equal diode cutoff 
voltage Ew see Figure [11.2), the diode blanks and cuts source E. off from capacitor 
C. From this moment on, capacitor C continues to charge only from canacitor C. 

along network Co, Ry CyRavcey Co» where Reurz-- cathode follower output resistance. 
Since Cc, Se, voltage Ung during the capacitor C charging process decreases by 
potentials vill be identical: 


slight magnitude IV The increments of point 6 


2° 
~Su, =+\un=~+\u, if one cansiders that Uno = const during vorking stroke time, 
wnile cathade follover gain K = 1. Therefore, the difference in potentials 18s 
» i. @., Capacitor C is charged by constant current isp,p=const . 


tap 7 RODS, 


as BUR Stlyaph =const 
As a result, voltages Up aNd ususz Case by a linear liv. 
must be satisfied in order that this lav be retained further during the entire 


Condition 


vorking stroke ‘,=‘, . In actuality, the capacitor charging process will continue 
until the end of the vorking stroke if capacitor C during tire ts Coes not succeed 
in charging to “source” voltage, 1. e., 1f Uewne<u-p=&,. But, since the rate 

of voltace Up ise, in accordance with (IX.15) and (1X.30), equals Vz =t =const, 
£<RC. 


, E 
then ue = tet and Ce une = ENCE, » hence 


Significant nonlinearity arises only in the beginning of the vorking stroke 
at interval St = ti-ty given that this condition is satisfied. Actually, dioce 
D still is unblunked during this intetval and shunts resistance Ry. But, in 
accordance vith (III.68), cathode follover gain turns out to be significantly 
less than unity, i. e., +38,< ~— 44s, given slight equivalent resistance in the 


cathode netvork, As a result, first, the rate of output voltage rise turns out 


to be much less than the rate of voltage Un rise und, second, current 1: 
stabilization is insufficient ( 4ag ™const ) due to positive feedback veakening 


when K <1 and voltages u, and uae are not linearized. A diode with che lovest 


possible value €&,, must be used to decrease the initial nonlinear sector. 


Ac tre moment the ccntrol pulse ceases tos triode hy unblanks 
Here, 


Recovery. 
and capacitor C rapidly discharges across it to initial voltage /, ..,- 
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the potentials of points B (un) Bl ioueds and A rapidly decrease by the lay of 
exponents. Diode D unblanks at the end of this process, at moment ts, when /388 
potential Uy drops virtually to its initial value (it will become equal to E, 
+ &. ). Capacitor Cc, is repletrishe: after this along netvork to diode D, 

’ 


C. 
7 
£ 


Ria,» cE, (chassis) to initial voltage  C'e:eaxc= fa + Thus, capacitor c, 
replenishment begins after capacitor C discharging essentially ends. In the main, 


Set, 


the time of capacitor C. replenishment across the diode determines circuit recovery 


time since Than = CR eX Tap: = Cc; (R, + Rae we 


Sufficiently-large resistance Ry, is selected to increase cathode follower 
gain. Therefore, the triode L, operating point following capacitor C discharge 
is established at the initial nonlinear sector of this triode's characte:istic 
close to blanking voltage (see Figure [11.23 and Exercise III.9). This leads 
to onset of additional nonlinear distortions at the beginning of the working stroke. 
In addition, at moment ty, when diode D unblanks, initial capacitor C, replenishment 
current, passing across resistance R,, vill increase Lo cathode potential by 
magnatuce AC, AU cy Eg —Uceuens Triode Ly Will blank if the magaitude of this 
step oxcesds value Eqy—li-wu + In this case, right up until it unblanks, resistance 
R, PR, will enter the C., charging circuit instead of cathode follover output 
resistance Rew = » resulting in a rise in circuit recovery time. This can 
tead to capucitur C, not succeeding in being replenished fully during the resting 
time betveen éonbbor pulses, given a slight centrol pulse duty ratio. A voltage 
Urge ecrease leads ta reduction in the rute of cutout voltege rise during the 
vorking stcoxe and, ccnsequently, that of cav amplitude as vell. The "lover" 
end of resistance Ay often is connected to the negctive voltage courte F, 420 
(cee the next circuit in Figure IX.19) rather than to chassis in urder to eliminate 
nese uncesizable phenomena. Since this is equivalent to cupoly.ng positive bias 
&, ta cathoce fallover grid, then its cperating point in the initial Tore shifts 
to the linear sectar of the characteristic, the initial value of its current rises, 
and triocce Ls does not blank at moment t3- 


Ratios (1X.31) determine circuit output voltage parameters. Hevever, the 


a | ee - 7 
resultant nonlinearity factor is greater than value 4.5 atl aA mainly because 





"Source" voltage Uno during a forvard stroke cecreases somevhat. Realistically, 


value 3. as at least 0.5%. 

EXERCISE IX.1Ll /389 
Hou vill the output voltage parameters of the examined circuit 

bawtwen f+ 20 c) Change vhen resistance R increases? Dray the output voltage curve 

wnen this resistance increases by a factor of 2. (Page 501) 


3. Linearly-Rising Voltage Generator Circuit Variant with Improved Linearity 


A variant of the previous GPN circuit vith additional output voltage nonlinearity 


comcensation and voltage curves at characteristic points are depicted in Figure 





t 


Fegure IX.1?. Variant of tre Presaset op’ Circust 
aPyjure IX,13) with Improved Linearity. 
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IX.19. The circuit differs from its predecessor (Figure 1X.18) in that /390 


charging capacits: 7 is replaced by tvo series-connected capacitors C' and C": 


t te g Part of the output voltage 4). = Ser is supp! ed across 
Me 7 Se 


resistunce R., ta capacitor C" uath resistance «; , vhich is included in the cathode 


- 


follover loag #,=A,- RR). 


We vill assume that voltage “ew: curing the vorking stroke ris by a strictly 


linear lay. Then, voltage «)) =Al,,,¢, where K -~ prcportiona' . factcr, vill 
case by the identical lav. This voltage 1s applied to integrator $c" . ut. 


ene May consider, if the time constant of this netvork 13 sufficiently great: 


x 


=, = WU oot , that, uncer the stimulus of voltage a4), its output voltage 
hii Pise in procartion to the integral of the input voltage: 


oo tf! AC re UY og 2s @., by the square lav, 


Actually, capacitor C" also is charged by capacitor C, discharging current, 
" 


while af the integrator vas absent (Ro = © ), the voltage Up would rise by an 


exponential curve vith a cecreazing rate while this current is flowing. It 15 


anossible to select the ratios among circuit parameters (C. GC. Ry, Ri, s0 that, 


isu tesult of the tctai charging of capacitor C" uncer the influence of voltayrs 


a ind Un as the causre relat. nenap yculd predominate all the cave over the 


~ponential and a tant voltag Up vill increase at an increasing rate (Figure 


“N.i9c,. Vaoltace me juct as a rises uncer the irfluence of voltage 


Ue» by the lay of exponents “Maigure IX.19d). Therefore, total voltage Un 2 uU 
" 


"Up and, conuegumtly, carcurt output . .°age as yell, are linesrized 51 jnificantly 


7 


"Pagure iX.29e), Tre circuit mikes 1t possible ta reduce value 3, co J.1%. 


eee erate aN eva 
’ Ge aE PUREE geet Sy SCTE ee ey SGN aig SGA rey pee wee 
yo. ey yesaemane individually where #, 4 0 anc Ry = 0,7? 
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3.5. SAWTOOTH GENERATORS WITH COMPENSATING NEGATIVE VOLTAGE FEEDBACK 


} Savtooth Voltage Linearization Principle Using ‘\egative Feedback 


ae 


This method of suytcath voltage linearization basically is similar to the 
i 


previous ~ethed: capacitor charging currert -.= 7 Bcosiis stabilized 





with the aid of compensation voltage . equal to capacitor voltage Uns but acting 
eoposite in presse to it) (4,"—uc!, resulting, um accordance with (1X.16;, in 
capacitor valtuyge rising by a linear lav. The difference is that compensation 
voltage will be introvuced into the capacitor charging netvork via the negative 
feecbuck netyork. kere, 1f previously the potential of one capscitor plate is 


Ciamped at the “grounc” potential level when positive feedback 1s used (see Figure 
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Pen nts 





An amplifier connection circuit corresponding to thuse conditions is /392 


depicted in Figure IX.20b. Voltage Uc rises and voltage uu decreases by a linear 
lay during the capacitor charging process vhen compensation condition u=—y- 

is satsified. The linearity of this voltage vill deteriorate if savtooti. voltage 

is picked off the capacitor due to load impedance shunting the capacitor. Therefore, 


sautooth voltage is picked off amplifier output eas=u. and falls linearly. 


We will explain which requirements the amplifier must satisfy. An increase 
during the capacitor charging process of the potential of point q in Figure IX.20a 
must be compensated far by an identical decrease in point a potential in oider 
to stabilize charging current. In this event, the difference in potentials is 
dga=const, vhile since u,.=&,—aR, then i, = const. (on the contrary, point 
a potential in Sigure IX.17a must rise). Cor equently, the amplifier must invert 
the :nput voltage phase, 1. e., must have negative gain K. The feedback extant 
in the circuit is negative since the rise in point g potential elicits a decrease 
greater by a factor of [k | in point a potential, which is transmitted in reverse 
across the capucitor to amplifier input. 

But, uhat must the magnitude of amplifier gain (Kia Het] be? Amplifier 
input voltage increments must be infinitely small:  Aug=m Aue+Aus =O when 
Augaa=—Auce - Output valtage increments Ausuz Augwdu,, Tust b2 finite, Put, 
this 1s only possible, given infinitely great gain magnitude :A|= Ttss ‘ 
Thus, an amplifier yith gain K = -cO is required for an ideal linearly-falling 


voltage. 


GPN circuits converted to an equivalent circuit shown in Figure IX.2Cb are 
referred to as electronic integrators. Actual amplifiers used in similar circuits 
have finite gain, with one striving to obtain the highest pussible value Ik { > l. 
Several ampliflying triode or pentode stages with plate loads often are used for 
this. The number of stages must be odd (one such stage may be used in the simplest 
case) in order to obtain overall neqative gain since each such stage inverts the 


phase of its input voltace. 


We will assume that the Figure IX.2Cb amplifier output voitage equals infinity 


(the amplifier operates witnout grid eucrente! Ryzywoo; ig iN orcer to find the 
ina 
law of circuit output valtage change, Then, currents flowing across resistance 
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R and across capacitor C must equal ip = ins But, from Kirchhoff's second /393 
law for the input loop encompassing source E, resistance R, and points g, k ve 


E~u,., 
‘ & 
have = EmuntuyysigR~u,, » hence ip= 5 





points k, g, capacitor C, points a, k we have uc#ug—ueur, Hence 











. du, FU ee — Neue! 
igual = it 
: F—it¢. S Gigg = tiga) : 
In» we vill get —;-- - ¥ or, considering that be = 
a Yous d { Tour a ) 
3 —_— _— K tut 

will get = ¢ > » hence 

; sik [ile RE Ste AE te 
Neue RC ‘A = ak 7 KE, or ue ROK +1) RUA = 1h 


of this equation for zero initial conditions takes the form 


t 
Baier | ap RL kel 


For the loop encompassing 


« Equating resultant expressions for currents ip and 


wes! Your ve 


A ’ 


» Solution 


(1X.32) 


The Figure IX.20c equivalent circuit corresponds to expression (IX.32). 


Thus, this method of sawtooth voltage linearization is equivalent tc an 
increase by a factor of Ik in extant charging voltage drop (given a simultaneous 


change in its polarity) and an increase by a factor of K + 1 in the equivalent 


charging network time constant: 


dE, = E, = — KE; ¢, = RC(K + 1). 


[In accordance with this, based on Figure IX.20d the integrator may be 


also in the form of a series-cornected R-C integrator with equivalent time 


(1X.33) 


represented 


constant 


-, = RC(1 + K) and an inertia-free sign inverter with high negative gain. 


Based on (1X.8a, 1X.12, IX.13, and IX.14) and considering (IX.33) for 


given sawtooth voltage linearization method ve will get 


the 


(1X, 34) 


ee 


ty . ° . . 
Be BER er) Us KES bg ABs By wane 


It follows from these expressions that the greater the amplifier gain magnitude 
(for an ideal integrator where K = -30 , 3,2 0), the greater the saytooth voltage 


linearity. Given assigned nonlinearity factor value 
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ga = Const, sawtooth voltage 





amplitude (, and source voltage utilization factor ei: rise by a factor of K 


compared to a conventional R-C integrator. 


Essentially, a ja value on the order of tenths or hundredths of a /394 


percent is possible if umplifier gain comprises several nundred percent. 


EXE.CISE IX.13 


a) Explain why Figure IX.20b circuit capacitor charging current is kept 


almost constant when there is a finite, but sufficiently high, negative K. 


b) Plot the following voltage curves on one graph: Up == capacitor voltage 
vhen it charges across a resistance, ues <= at amplifier input. and -sur= at 
amplifier output for capacitor charging in the integrator circuit (Figure I[X.20b), 
given identical C and R values. What determines the rate of change at the beginning 
of the working stroke and linearity for each of these voltages? For plotting 


convenience, assume that KK +1 = -10. 


c) What must the K value be in a circuit using comp:rsating negative feedback 
(Figure 1X.20b) in order to obtain, all other things being equal, that degree 
of savtooth voltage linearity found in a circuit using compensating positive feedback 
(Figure IX.17b) where K = 0.95? (Page 502) 


As follows from Figure [X.20a, b, and d, there is no requirement to use an 
independent (insulated from ground) charging voltage source E when using negative 
feedback GPN since the negative terminal of tiis source is "grounded." Therefore, 
realization of such GPN essentially is simpler than positive feedback CPN. As 
a cule, amplifier plate voltage source foe vhose "minus" as usual is "grounced," 


is used as source €, 


There is a multitude of various practical negative feedback GPN circuits 
(in particular, widely-used nhantastron circuits, which will be examined belov, 
fall into this category). The basic characteristic features of these circuits 
are presence of an inverting amplifier with high gain (usually a pents ie) and 
integrating elerwnts: resistance R in the amplifier input network and negative 
feedback capacitor C ccnnecting amplifier output (directly or via a cathode follover) 
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with its input. Here, any GPN circuit operating 3n this principle may be converted 
to the Figure IX.20b equivalent integrator circuit for the operating stage (the 
period when the output voltage working stroke is shaped), while ratios (IX.34) 
determine its output voltage parameters. 


2. Externally-Controiled Pentode Linearly-Falling Voltage Generator 


The generator circuit and the curves of the voltages at its characteristic 
points are depicted in Figure IX.21. An amplifier with plate load Ro and large 





Figure 1X.21, Pentode Linearly-Falling Voltage Generator 
in ‘the External Control Node. 


gain | | = sR. > 1 is assembled on pentode Ly. A pentode screen grid controls 
the circuit: positive-polarity control pulses (Figure IX.2lb) are supplied /395 
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across transient netvork ERs to this grid. Diode Di» which is a control pulse 
zero upper clamp, is connected at the output of this network. Circuit output 


voltage is picked off pentode plate load impedance Rot Nagel, 


EXERCISE IX.14 


Compare the Figure IX.20b and IX.2] circuits. In the latter, find integrating 
netvork elements, trace the feedback network, and indicate that the feedback is 
negative. What voltage in this circuit is integrated to obtain the output valtage 
vorking stroke? (Page $04) 


Input pulse amplitude must exceed pentode blanking voltage for circuit control, 
i. e., based on plate current Us:>'F,. . Voltage Ug3 essentially equals zero 
as a result of diode Dy clamping action while the pulses are active, this voltage 
is negative during resting times due to dynamic bias in capacitor Cis and it equals 
pulse amplitude (IX.2lc). Therefore, the pentode is unblanked while the pulses 
are active and is blanked with respect to plate current during resting times. 
Constant negative bias E 3 Z E403 is supplied to the suppressor grid if dynamic 
bias does not provide for pentode blanking with respect to suppressor grid /396 
during resting times (given a high pulse duty ratio, for example). 


The circuit operates in the following way. 


{nitial equilibrium state (tz t)). The pentode is blanked with re: -ect 
to plate current in the initial state by negative suppressor grid volta . 
Wet E503 
since capacitor C voltage does not change in the equilibrium state. Therefore, 


current ing 7 i, + Ip = 0 does not flow across plate load impedance Roe there 


and i, = QO. Capacitor recharging voltage also is absent (ip = 0) 


is no voltage drop across this resistance, and plate voltage equals source voltage 
ules Ee lp R_=£€_. The control grid is connected across resistance R to bus 
ao a aa a 

+5 Therefore, the nentode is unblanked with respect to cithode current, which, 
where i, = Q, comprises control and screen grid currents: G = *y + 192° 
Resistance R usually is on the order of unities of megchms (R> Raa’: Therefore, 


screen grid current. prevails: 152191 and 4, = ig2° 


Control grid current flows along the network +t) resistance R, control 
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grid--cathode path, chassis (-E). Essentially, the entire voltage drop in this 
netvork uccurs at large resistance R R> ’..) and control grid potential only 


slightly exceeds cathode potential Vaio ™ 0.* 


Screen grid current flows aiong network +) resistance Roe? screen grid--cathode 
path, chassis (-E.). Here, the positive screen grid potential relative to cathode 
Ua2 = E. -- T2892 >0 turns out te be slight and usually comprises 30--50 V due 
to the significant voltage drop across resistance Ro2° Capacitor C is charged 
to initial voltage equalling the potential difference between pentode plate and 
control grid: Ug = Ue _~ Vaio Ee with a “plus” to plate. 

Operating stage (t,< t£t,). The circuit is triggered at moment t, during 
control pulse porch action. The pentode unblanks with respect to plate current 
at that moment. Positive plate current step eal causes a negative plate voltage 
step by magnitude “aU. = a This step completely is transmitted across 
feedback capacitor C to the pentode contre! arid: AU = “SU ai° However, the 
control grid potential reduction constrains the plate current rise, i. e., a plate 
voltage decrease. Therefore, positive feedback action at moment ty will lead 
to a reduction in the magnitude of the negative step of valtages us and Yai? vhich 


may not exceed cutoff voltage Ego1° 


Mig = Wy <1 Epa l. (1X.35) 


Actually, if aon) FE] , then the pertode would be blanked with respect 
to control grid, which, however, cannot be since the reason for its blanking is 
absent here: Aly = 0, Mwy 7 aUoi1 = Q. Thus, voltage Yai will become negative, 
but will not reach cutoff voltage, immediately after the circuit is triggered. 


It may be demonstrated (see Exercise IX.15) that, given sufficiently-high 


resistance R and Ro values, 


(IX.35a) 


MU, el =! Eeni 


*Crid clamping (voltage E_ = const in this case), already familiar to us, oct 
in the control grid netvork. 
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Where Ug) < 9 control grid current ceases (ig) = 9). Therefore, pentode cathode 
current following tricgering will comprise plate current and screen grid current 
RSQ lst. 
Cathode current at the moment of triggering decreases wit a jump due to 
the reduction in control grid potential. Plate current rises (appears) vith a 
jump simultaneously at the moment of triggering. Both causes stipulate a spasmodic 
screen grid current decrease, which symbolically may be written &s=t,°- 4,, . 


A3s a result, screen grid voltage rises with a jisnp by magnitude AU 421 = AI o2yR 2° 


A quasistable state is established in ‘the circuit while the control pulss 
is active following triggering, during the process of which linearly-falling voltage 
also is shaped at output. Here, the fo} lowing processes transpire. Control grid 
potential (capacitor C left plate) will strive to rise since control grid current 
ceased. This leads to a rise in cathode and plate currents, i. e., ta a reduction 
in plate potential (capacitor C rignt plate). As a result, immediately following 
triggering, the capacitor C recharging process begins across the pentode along 
network +t,» resistance R, capacitor C, pentode plate--cathode, chassis (-E,). 
Here, negative control grid potential is maintained by recharging current ip since 


Bn =F, —icR (1X.36) 
Ohm's law determines the initial value of this current if one considers the potential 
difference at the ends of resistance R, which arises immediately following triggering: 


gm Ao UY ay Fat Te oy et el (1X.37) 
capacitor C 

If there is no aegative feedback, then current Ie during the, recharging process 
will decrease from initial value In by an exponential curve with time constant 
2 = C(R + R,) ASCR(R DR). However, negative feedback constrains the current 
ip decrease. Actually, the decrease in this current leads, in accordance with 
(1X.36), to a voltage Yor increase and, consequently, to a cathode and plate current 
rise, i. e., to a plate voltage drop. But, the voltage Us decrease across /398 
capacitor C is transmitted to the control grid, constraining the voltage increase 


in it, i. e., a m*rcent io decrease. As a result, the decrease in this current 


is delayed to a greater degree, the greater the pentode gain =-y;: 
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Symbolically, negative feedback action during a working stroke may be represented 


in the foliowing way: 


poon------ iho~--------5 
e220} (1X.38) 


Bh BU ge a Bly em big ——m -4u, 


It vas demonstrated above that recharging current in stabilization by negative 
feedback leads to an increase in the capacitor C recharging time conszant by a 
factor of K +1. “herefore, voltage 4g) rises now by an exponential curve with 
equivalent time constant +. = RC(K+l1)S> <= = RC, i.e., significantly more slowly. 
Voltage u 1 rises slightly and virtually linearly during the time of the working 
stroke if feecback action continues during the entire working stroke and condition 
t,=t,<%, is satisfied. Plate voltage, changing opposite in phase to grid voltage, 
also drops by an almost linear law corresponding to the initial sector of the 
exponential curve with identical time constant +; . However, the rate of this 
voltage's decrease and, consequently, the bounds of its change as well during 
the working stroke, is greater than voltage Yo by a factor of K. Essentially, 
when the K value is large enough, voltage Yq) during the working stroke succeeds 
in rising only by fractions of volts, while plate voltage drops by hundreds of 


volts. 


The slow rise in control grid voltage elicits an also slow (due to the cathode 
current rise) screen grid current ig2 rise. Therefore, screen grid voltage Ug2 


decreases somewiial wu.ang the working stroke, 


The working stroke shaping process is explained additionally in Figure IX.22, 
where the pentode dynamic characteristic and the plate voltage curve obtained 
from it are plotted. (The latter does not differ from the Figure IX.2ld curve, 
but is turned 9C° relative to it to obtain clear coupling with the dynamic 
characteristic). A fsmiiy of pentode static characteristics for the corresponding 
operating stages of potentials u 2 & const; Ugs const and the ranging values 
u i¢ 0 during the varking stroke is used to plot the dynamic characteristic. 


The special features of plotting a dynamic characterist‘er in this case are stipulated 


: 7 a i - 
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Figure IX.22. For Shaping the Output Voltage Working 
Stroke. (a) -- Criticality line. 


because both plate load current ing as well as capacitor recharging current in 
flow across the pentode in the operating stage: 


t, =e lp, + le. 


Therefore, load line 18, which reflects the relationship of plate load current 
tag = only to plate voltage, is plotted initially. This line is sloped 
to the X-axis at angle 2==arctg!,&, and intersects at the axes of segment u.= 
E, (1,=0) and te = 3 (u,=9). Recharging current in during the working stroke 
may be considered constant and equal to its initial value (1X.37) in = Ins Then 
the relationship of overall plate current to plate voltage will be reflected by 
line 8f parallel to line AS, but raised above the latter by magnitude In. 
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Plate voltage corresponds to point A in the initial state (prior to triggering): 
Jos = E since the pentode is blanked with respect to plate current. The point 
representing circuit state at the moment of triggering (t) shifts vith a jump 
from point A to point 8. failing at the intersection of line Bf and the static 


characteristic of initial value u ee “Wo received with a jump. Plate voltage 


is reduced vith a jump by magnitude aun) = AUaul accordingly. /4080 


Next, the depicted point gradually shifts to the left along line 8f during 
the capacztor C recharging process due to the voltage Yo tise. Here, plate current 
tises and plate valtage drops by a linear law as a result of negative feedback 
action described above. However, this process may be continued until such time 
as the depicted point coincides with point [’, falling on the criticality line, 

1. @., until control grid voltage exceeds value 4); . Dynamic saturation arrives 
when there is a further voltage oy rise: plate current no longer rises (pentode 
gain drops to zero) and plate voltage is clamped at minimum level Us. 
Consequently, the latter must end before plate voltage drops to value U,,, in 
order for plate voltage linearity to be retained until the end of the working 
stroke (the Figure IX.22 vorking stroke ends at moment tos with representative 


point f corresponcing to tnis in the characteristic).* 


The rate of plate voltage decrease in the linear sector, based on (IX.15) 
and considering (1X.33) (if the magnitude of the Au.) jump is disregarded) equals 


~ £4 
Vaz Ra. (1X.39) 


Hence, resultant sav amplitude equals 


, (1X.40 
U,=Vt,= ett, ) 


It is evident from Figure IX.22 that the maximum possible saw amplitude results 
' 
when the working stroke ends at moment ty (to which representative point [’ 


corresponds) equals 


UO, axe = E, — i ,, -U, xp (1X.41) 





*We vill recall that control pulse duration :,«:, determines working stroke 
Curation in the circuit. 


Given large resistance, R, , UaupK&y WU KE, TC, wc F.> Therefore, 


resultant plate voltage utilization factor :,...= aan is close to unity 


(essentially, :. = 0.6--0.9, given 4. values on the order of tenths of a ceccent). 


soe 





Maximum vorking stroke duration corresponcs to value U's; une and, in accordance 


vith (IX.40), this duration equals 





by wane = Os vane E. =RC. (1X.42) 


Recovery. We will return to Figure IX.21. The control pulse ceases 7401 
at moment to and the pentode is blanked with respect to the suppressor grid. 
Capacitor C, discharged by the end of the working stroke to voltage Ue wa Usa 
must be charged to initial voltage Urg = ES in connection with the increase in 
plate potential when the plate current ceases. The time for charging this capacitor 


also determines circuit recovery time. 


Capacitor C at the recovery stage is charged by control grid current along 
network +4) resistance Ro capacitor C, control grid--cathode path, se (chassis). 


The netuork time constant equals 


Tap = C(R, + gai) = CR, (1X.43) 


At moment to due to the voltage drop created by initial charging current 
in resistance r,.,, control grid and plate potentials rise with a jump by magnitude 


E,~C;, we hikes Pee: 
3 ya = AU a2 = AE yn BEE - (1X.44) 


Then, because charging current decreases by the lav of exponents, control 
grid potential will drop py an exponential curve to initial value Yoo =O while 


plate voltage rises by an exponential curve to source voltage fo 


The charging time constant (IX.43) determines circuit recovery time and eauals 


(1x.45) 


‘ = oTas5 = 3R,C. 


The control grid only controls screen grid current 142 after the pentode 
blanks with respect co plate current. Since screen grid potential changes cpposite 
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in phase with this current (ug = ES — ig2%ga)» then an exponential current 142 


bump and negative exponential voltage Ug2 excursion arise at moment toe The duration 


of this excursion also corresponds to recovery time ¢,. The circuit will remain 


in the initial state following recovery until arrival of the subsequent control 


pulse. 


Basic circuit parameter selection. Pentode Ly must have high plate-grid 


transconductance S in order to have high gain. It is desirable to have a lov 
blanking voltage in the third grid in order to decrease control pulse amplitude. 
The pentode is blanked with respect to plate current during switching pulse resti~3 
times and significant plate current virtually totally (less slight control grid 
current) flows across the screen grid, causing it to heat up. Therefcre, safz 
pover dissipation with respect to the screen grid must be as great as possible.* 
In practice, €2hz?, 6Z2h5P, and 6Zh4 pentodes usually are used in this type /402 
of GPN circuit. Large Ry resistance must be selected in crder te obtair; high 


gain. dowever, an extraordinary RS increase still does not lead to a rise in 

K due to the decrease in plate current transconductance. In addition, the resistance 
Ro magnitude, in accordance with (IX.45), impacts upon circuit recovery time. 
tssentially, resistance R, ranges from U.2—1 megot.m. Capacitor C and resistance 

R ave integrator elements, whose time constant RC must be as high as possible 

to obtain dutput voltage linearity. However, an increase in this time constant 

leads, in accordance with (IX.39) and (1X.40), to a decrease in the rate of output 
voltage change and of its ampiitude. This circumstance also is decisive for selection 


of the magnitude of the RC product. 


In accordance with (1X.45), capacitance C must be minimal te reduce recovery 
time. Here, however, it significantly must exceed circuit stray output capacitance 


Cy=Cu~Cy, having a magnitude of lU--15 pF. 


Given the selected capacitance C magnitude, the requisite RC value is insured 
by the resistance R selection. The decrease in current in constrains the maximum 


R value and, consequently, pentode plate current i, = ip, + in. As noted above, 


*An additional 5--16 kilohms of damping resistance sometimes is connected in 
series to the screen grid network to facilitate the heat situation, given a hich 


switching pulse duty ratio. 
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the plate current decrease leads to a decrease in the slope of the plate-~grid 
characteristic sector used. A current 4g) rise constrains minimum value R and, 

consequently, dissipation power in the pentocde control grid. Selected capacitance 
C usually ranges from hundreds or thousands of pf, while resistance R ranges from 


hundreds of kilohms to tens of megohms. 


EXERCISce IX.15 


a) Attempt to prove ratio (IX.35a) for the maqnitude of the voltage Ug) 


and us jump at the moment of triggering. 


b) We know that voltages u 1 and U, change opposite in phase for a pentode 
unblanked with respect to plate current. Therefore, -ontrol grid voltage must 
vise linearly to obtain linearly-falling plate voitage (see Figure IX.21 curves). 
However, on the other hand, in accordsrace with (IX.16), capacitor recharging current 
during the working stroke must be strictly constant ip = In = const to obtain 
ideal linear output voltage. But, in this case, control grid voltage 
Yo1 = ES -- ink elso will be constant. Consequently, linearly-falling plate voltage 
must be abtained when control grid voltage is constant. How dn you explain this 


contradiction? 


c) Imagine that Figure IX.21 resistance x, (sufficiently slight so as not 
to disrupt circuit operation) is connected to the pentode cathode network. Draw 
the shape of the voltage which may be obtained across this resistance, (Page 504) 


This circuit requires surnlv of control pulses of great amplitude and has 
a long recovery time. The f...t shortcoming is caused becatse piecise clamping 
of the initial output voltage . lue at level ES requires a complete absence /403 
of pentode plate current in the initial state. Reliable pentede blanking with 
respect to the third grid occurs when negative bias Ug3 = —U,; of approximately 
-100 + -200 V. 


The second dravback stems from the fact that plate load impedance Ln is included 
in ratio (1X.45), which must be large in order to obtain high gain, i. e., high 
output voltage linearity. The control pulse duty ratio must be at least 5—10 


due to the long recovery time. 
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3. 





Linearly-Calling Voltage Generator Circuit Variants With Reduced Recovery 
Time 


Clamping diode GPN. The generator circuit and output voltage surve are depicted 
in Figure IX.23. The circuit differs from the Figure IX.2la circuit, only in the 





Figure 1X.23, Clamping Diode Linearly-Falling Vcltage Generator. 


presence of clamping dioce Do. Positive voltage Uy <e, is applied from potenti- 
ometer &, ta the cathode of this diode. 


Oiode D4 is unblanked in the initial state since diode plate is connected 
across resistance R_ ta bus +£_ and there is no pentode plate current prior ta 
; } J a a . Tesistance Ri. 
circvit triggering. This diode's current flows along network + 1, diode Dos the 
‘‘aver" portion of resistance R,, chassis (-E.). Conducting diode internal 
tesistance is slight ( R, eR.) and, due to the voltage drop across resistance 
Ro» the potential of its plate (and, consequently, of pentode plate) is clamped 
at the levcl of its cathode potential vis = Uo Capacitor C is charged to this 


voltage in the initial state. 
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Pentode plate voltage decreases with a jump at the moment of triggering, /404 
i. e., diode plate potential will become less than the potential of its cathode 
and diode Dd, blanks. Diode Dd, remains blanked during the entire operating stage 
since pentade plate voltage then decreases and does not impact upon the linearly- 
falling voltage shaping process. Capacitor € begins to charge following control 
pulse cessation and plate voltage rises along an exponential curve with previous 
time constant <,,, = RoC; striving towards level ES (Figure IX.23 dotted line curve). 
However, as soon as plate voltage achieves value Uo» diode 0, unblanks and the 
furthe.> rise of this voltage ceases. As a result, recovery time ¢, decreases 
significantly due to severing of the “tail" of the voltage u, exponential curve. 

The sawtooth voltage amplitude decrease due to the decrease in its initial level 

is a shortcoming of this method.* However, reducing this level by no more than 


20% (U, 2 0.6E,) results in a recovery time decrease by a factor of l—3. 


Use of a clamping diode also makes a decrease in control pulse amplitude 


possible. 


EXERCISE IX.16 


a) What type circuit is formed with the aid of diade 0, (Figure IX.23): 

clamping, parallel, or series diode limiter? 
as 

b) Why does use of a clamping diode,make a decrease in control pulse amplitude 
possible? (Page 505) 

Cathode follower GPN. The generator circuit and output voltage curve are 
depicted in Figure IX.24. The circuit differs from the IX.2la GPN circuit only 
by presence of a cathode follower assembled on triode Lo: Pentode Ly plate voltage 
is supplied to cathode follower input, resulting in triode Lo alvays beinc unblanked. 
Capacitor C is connected between the pentode control grid and cathode follower 
output (but not the pentode plate). Therefore, the negative feedback circuit 
connecting pentode plate with its control grid, is closed across the cathode follower. 





“Since plate voltage U.,, minimum levei here remains as before, then the decrease 
in plate voltage initial level leads also to a reduction in maximum working stroke 
duration te sexe (value Us must replace value ES in formula (IX.42)). 
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Figure IX.24. Cathode Follower Linearly-Falling Voltage Generator. 


Resistance Ry is sufficiently large so that the cathode follower transfer constant 
will be close to unity. In this event, potentials of points a and k change to 
an identical degree (these points notionally may be cannected for voltage Us and 


a increments). Therefore, connection of the cathode follower does not change 


the nature of the processes in the operating scage and essentially does not have 
However, capacitor 


a deleterious effect on output vnltage working stroke linearity. 
(405 


C is charged following control pulse cessation by pentode Ly control grid 
current across slight cathode follower output resistance Rowe Es rather than 
across large resistance Ro» along netyork to, triode Los capacitor C, pentode 
control grid--cathode path, chassis (-E,). As a result, capacitor C charging 


time constant turns out to equal 


Tsp = (Reus es + Peat) Cc, (1X.46) 
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i. e., decreases compared to time constant (IX.43) almost at ratio &y/Reus xn 
(essentially by a factor of 1,000). Circuit recovery time is reduced accordingly 
fy Stuy 3 (Resan + ens) C. (1X,46a) 

Given slight magnitudes of resistance Ayi.siq and capacitor C capacitance, 
charging of the latter along the aforementioned network may cease earlier than 
charging of stray capacitance CyeCiut+CutCaryg» which shunts pentode output 
(dotted line in the Figure IX.24 circuit). This capacitance is charged during 
circuit recovery across resistance Ro: In this event, stray capacitance charging 


duration determines recovery time 


t, = 3R,Ce. (1X.46b) 


Circuit output voltage is picked off the cathode follower load. Thus, /406 
besides reducing recovery time, the cathode follower plays the role of buffer 
amplifier. Having high input resistance, it does not shunt pentode output. In 
addition, the circuit may operate a low-resistance lcad since cathode follover 


output resistance is slight. 


EXERCISE 1X.17 


Will sawtooth voltage be shaped at pentode plate in the Figure IX.24 circuit 
if triode Lo completely lost emission (isn = 0)? Oraw the Ug3? Yay? Yous and 
4euws voltage curves for this instance. Disregard the influence of stray capacitance 


Cee (Page 506) 


4. Monostable Screen Grid Coupling Phantastron 


Square positive-polarity switching pulses from an external source were supplied 
to pentode superessor grid in the external control mode of the GPN circuit depicted 
in Figure IX.12a. Output pulse working stroke duration ¢,=f, determined the 
duration of these pulses. However, the circuit itself shaped pulses of identical 
shape, polarity, and duration in the pentode screen grid (Figure IX.12f). They 
also may be used as switching pulses if suoplied to the suppressor grid. 
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Negative voltage feedback linearly-falling voltage generators, whose own 


circuitry produces switching pulses, are referred to as phantastrons. The circuit 
1s referred to as a screen grid coupling circuit if the pentode suppressor grid 
is coupled to the screen grid in the phantastron circuit.* Just as is the case 
for any trigger circuit, in order for a phantastron to operate in a monostable 
mode, there is a requirement to provide: 

-- an initial state of stable equilibrium (prior to triggering); 

-~ the possibility of forming two spasmodic changes (avalanche-like processes): 
one during triggering at the beginning of the working stroke for circuit "reversal" 
while the trigger pulse is active and a second at the end of the working stroke 


for spontaneous circuit return to the initial state. 


Positive feedback, absent in the Figure IX.2la GPN circuit, must be active 
in order to obtain avalanche-like processes in a phantastron.** Positive /407 
“eedback is created due to the transitron effect, the essence of which was examined 
in Chapter III, § Z (see Figure III.6). We will recall that the transitron effect 
is be:.. + upon the redistribution of overall pentode cathede current between plate 
and screen grid during a suppressor grid potential change and onset of screen 
grid current as a result of this falling sector of the characteristic 
142 7  (u ). Any voltage u_, increment within this sector leads to a cophasal 
(of the same sign) voltage Uge increment. (Actually, voltage Ug3 rises, for example, 
then current i 2 decreases, while screen grid voltage Yee = ES _ ig2®g2 also 
rises.) The resultant 4g2 increment arising as a result of the initial Yg3 change, 
acting in phase backwards on the suppressor grid, maintains the initial Ug3 change 
if the screen grid is coupled with the suppressor grid. The result is a closed 
positive feedback network, whose action may be depicted symbolically as: 


ih —— til, —— hig: aeergsh (1X 47) 


su, 
Gain is this loop equals Kae st and will depend on the sloge cf the falling 
a 
sector of the screen current characteristic Sp=~ =f - The self-excitation 
ea, 
e 





*It might be more precise to call it a circuit with suppressor and screen grid 
coupling. 

**In addition, in accordance with the principle being examined for shaping 
linearly-falling voltage in a phantastron, negative feedback between pentode plate 
and control grid as usual must be active during the operating stage. 
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condition will be satisfied when Ko2 1, i. @., any Ug3 increment will lead to 


onset of an avalanche-like process. 


The circuit for a phantastron in the monostable mode with screen grid coupling 


and voltage curves in its characteristic points are depicted in Figure IX.25. 





Figure I1X.25. Monostable Screen Grid Coupling Phantastron. 


Resistance R and capacitor C, as usual, are integrator elements. Divider 
Ris Ros R, connected between buses +. and -E. supply screen and suppressor grid 
initial potentials. The suppressor grid is coupled with the screen grid across 
resistance Ro shunted by accelerating capacitance Co. The purpose of this capacitance 
is identical to that in flip-flop circuits (see Chapter VI, § 2). Short positive- 
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polarity pulses supplied to suppressor grid across transient capacitor C) trigger 
the circuit. Output voltage is picked off pentode plate. 


We vill examine circuit operation. 


Initial state. Divider Ri» Ros Ry parameters and negative bias E magnitude 
are selected so that the potential of point A, to which the screen grid is connected, 
is positive and sufficiently large, while the potential of point 6, to which 
the suppressor grid is connected, is negative and exceeds in magnitude pentode 
blanking with respect to suppressor grid (see Exercise IX.18). Therefore, /408 
the pentode is blanked with respect to plate current and plate voltage equals 
ES Control grid potential approximates zero due to the flow of control grid 
current across large resistance R. Here, significant cathode current virtually 
completely (less slight current ig) flows along the screen grid network thie 
and screen grid potential Yo? is reduced to a slight positive magnitude due to 


the voltage drop across resistance Rie This is a stable circuit state and continues 


until trigger pulse arrival.* 


Circuit triggering. The pentode unblanks with respect to plate current while 
a positive trigger pulse acts upon the suppressor grid. Onset of plate current 
leads to action of the aforementioned positive feedback locp (1X.47) based on 
the transitron effect: current ig2 decreases and there is an increase in voltage 
ga? which across accelerating capacitance C, is transmitted backwards to the 
suppressor grid. A parallel branch, amplifying laop action, is connected to the 
loop in sector i, ~ 192° This branch arises because a plate current rise means 
a plate voltage reduction, which is transmitted across capacitor C to the control 
grid and leads to a reduction in cathode current i = i, + io2° Therefore, current 
i 2 is reduced for two reasons: not only due to the current i, rise, but /409 


aiso due to the current ‘ reduction. The avalanche-like process at the moment 


of triggering symbolically may be depicted in the Following manner: 





“Thus, the circuit state prior to triggering does not differ from a circuit 
with external control, vith the exception that, in the circuit being examined, 
a special negative bias voltage source E,* 0 is used for pentode blanking vith 


respect to the suppressor grid. 
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qceayce. 
ne \ (1X.48) 
Au, —tte-sun —-hiy 


(KEY: (a) -- Trigger pulse] ' 


| ie ~ | 
A —w* hugs sh 


The avalanche-like process ceases when voltage Ug3 with a jump achieves a 
Slight positive value at which the suppressor grid loses its controlling properties 
due to a decrease in transconductance is = Plugs) and 12 = ¢ (ug) (see Figure 
III.6) and positive feedback loop gain drops. This is equivalent in symbolic 
rendition (1X.48) to disruption of the positive feedback loop in the common sector 
at point M. In addition, along with the positive feedback, negative feedback 
exists in the circuit and it exerts a braking influence at the moment of triggering 
(depictea by the dotted line in the symbolic rendition). Actually, the current 
i, decrease in and of itself facilitates a decrease rather than an increase in 


current iy i. @., an increase in voltages u_ and Ug? while the latter leads 


to a rise in current & , i. e., will ae its decrease. The effectiveness 

of negative feedback action rises due to the plate current rise resulting from 

the increase in gain with respect to the plate network. It is evident that positive 
feedback action may prevail over negative feedback action only until such time 

that the rate of current ig decrease exceeds the rate of current i, decrease 

since, here, a current i, rise is possible. The current i decrease ceases when 
this condition is violated since it could lead already to a current i, decrease, 

i. e., to a rise in voltages us and Uae Therefore, the avalarche-like process 
ends. 


Operating stage. Only the negative feedback network (1X.38) is active in 
the circuit at the moment of triggering following reversal. Just as was the case 
in the Figure IX.21 circuit, the same processes occur here involving capacitance 
C recharging by constant current across the unblanked triode. The only difference 
is that voltage Ug5 gradually is reduced during the working stroke due to the 
slight rise in suppressor grid current because of the cathode current increase.* 
Othervise, operating stage voltage curves de not differ from the corresponding 





*This voltage may be clamped at level Yo3 = 0 if a zero upper clamp (analogous 


to the Figure IX.2] circuit) is connected parallel to the suppressor grid--cathude 
path. 
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Figure [X.21 curves. The operating staye continues until plate voltage, /410 


decreasing by a linear law, reaches minimum (critical) value Usw. 


Recovery. Pentode amplifying qualities disappear when plate voltage reaches 
value Uinp » the negative feedback network breaks, and voltage u 1 begins rapidly 
to rise with time constant 7 = RC (see Exercise IX.18c). Here, the positive 
feedback loop closes: the voltage “1 rise will lead to a current i increase 
and, since plate current no longer rises, to a current ig2 increase. The latter 
leads to a voltage Uge decrease, which is transmitted to the suppressor grid across 
accelerating capacitance Co. The voltage Ug3 decrease causes a current i, decrease, 
i. e., a plate voltage increase, which is transmitted backwards to the control 
grid across capacitance C. The action of this Joop is amplified due to the transitron 
effect: a current i, decrease when current ‘ increases forces a current ioe 
rise. As a result, a second avalanche-like process arises in the circuit. This 
process symbolically may be written in the form 


Jace — hugs —— -heg ~e big ~eebi, (1X.49) 


Positive feedback action ceases when voltage u_, is reduced to pentode blanking 
voltage with respect to the suppressor grid E503? i. e., plate current disappears 
(in symbolic rendition (1X.49) this is equivalent to disruption of both loops 
in the common sector at point 6). Voltages a, and Yq) rise with a jump by magnitude 
(1X .44) = Ee as a result of the spasmodic cessation of plate current, 
while voltages Ug2 and Yg3 drop with a jump as a result of the positive plate 
current jump. Then, as was the case in the Figure IX.21 circuit, capacitor c 
charges along network +t resistance Ro» capacitor C, control grid—cathode sector, 
chassis (-E,). As usual, the charging circuit time constant equals tap AERC 
and, in accordance with (1X.45), determines circuit recovery time. The curves 
of the voltages in the recovery stage differ from the corresponding Figure [X.2l 
curves only in the voltage Yg3 negative exnonential excursion. This excursion 
is similar to the voltage Yg2 exponential excursion and arises for the identical 
reason -- due to the current 142 exponential bump. Actually, since screen and 
suppressor grids are connected to one divider, then the change in point A potential 
vill be accompanied by an identical change in point 5 potential (Figure 1X.25). 
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Voltage u 3 takes on the initial negative value supplied from the divider upon 


conclusion of the recovery process. 


A cathode follower connected as shown in Figure IX.24 may be used in /411 
the circuit to reduce recovery time and the possibility of operating a low-resistance 


load. 


Circuit triggering by pulses supplied to plate often is used along with the 
examined method of triggering with respect to the suppressor grid. This triggering 
method decreases trigger pulse amplitude several-fold. The physical processes 


in the circuit remain identical here. 


EXERCISE IX.18 


a) Compute initial voltages Uno and Ue3 in the Figure IX.25 phantastron 


= 75 kilohm, R, = 55 kilohm, 


2 


if E = 300 V, gE. = ~250 V, Ry = 20 kilohm, R 3 


I, = 3 ma. 
Bs 
b) What does working stroke duration ;, for the examined phantastron circuit 


equal? 


c) How tnay one change (increase, for instance) working stroke duration 
ta, without changing recovery time « ? How will this impact upon output voltage 


linearity? 


d) Draw a monostable screen grid coupling phantastron circuit with a cathode 
follower and triggered vith respect to the plate network. Explain the triggering 
procecs. What must trigger pulse polarity be? Why must the amplitude of these 
pulses be less than when the phantastron is triggered directly with respect to 


the suppressor grid? (Page 506) 


5. Variant Using a Phantastron as a Variable Pulse Delay Circuit 
The monostable screen grid coupling phantastron examinec above often is used 


as a variable pulse delay circuit. The time delay obtained with the aid of such 
a circuit may be altered over a broad range — from several microseconds to several 
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milliseconds. Control voltage Uys, supplied to circuit input provides the delay 


magnitude and it changes in proportion to the cnange in this voltage 


Mt, = KyMyap, (1X,50) 


where RS -- proportionality factor, referred to as delay control 


transconductance. * 


A variant of such a circuit and the curves of voltages in its characteristic 
points are depicted in Figure IX.26. The circuit is a nanostable cathode follower 





Figure IX.26. Variable Pulse Delay Circuit. 





“Delay control transconductance K, indicates hov many microseconds delay time 
fs changes when control voltage changes 1 V. 
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phantastron (triode Lo) and clamping dicde D). The cathode follewer is connected 
as depicted in Figure IX,24 and will serve to reduce recovery time. The clamping 
diode is connected as depicted in Figure IX.23, but already will serve to clamp 

plate voltage initial level rather than to reduce recovery time and, at the /412 
same time, is a trigger tube. Negative pulses with respect to the plate network 


trigger this circuit across this diode (see Exercise IX.18d). 


Control voltage uyp<£, is supplied to diode cathode from potentiometer Ry 
of divider Ry» Rey while negative-polarity trigger pulses are supplied across 
separating capacitor C,. Output voltage is picked off pentode third grid across 
differentiator CR. In the initial state, the pentode, just as in Figure 1X.25, 
is blanked with respect to the third grid by negative bias picked cff divider 
Ris Ros R5- Therefore, there is no pentode plate current (i, = 0) and no voltage 
drop is created across resistance Ro Diode o», . “he initial state is unblanked 
since the potential of its plate connected to bus + always exceeds the potential 
of its cathode supplied from the potentiometer: 44 ™Uyap< Ff, . Diode current /413 
4 flows along network +f) resistance Ras diode 0), resistance Rynp (into which 
the "lower" portion of resistance Ry and resistance Re are introduced), chassis 
(-E,). Here, the potential of connected diode and pentode plates is reduced by 
the magnitude of the voltage drop across resistance RS and will become equal to 
Uw=E,—14,R, . Diode current 


Eq — Hymp Ea — ‘tynn 


Ra + Ry + Ryn ~ Ry 


i= 





(Rg Ry + Ryay y Where R, -- unblanked diode internal resistance). Consequently, 


Eg Uy-p 


Ugy = Eg — RT Re = inp (1X.51) 


-- initial phantastron plate voltage level equal to control voltage. 


Rather than being supplied from a potentiometer, ccntrol voltage in practical 
circuits may be produced by the preceding electronic circuit. Then, resistance 
Ryup should be understood to be the output resistance of this circuit's final stage. 
This resistance must be sufficiently low so that, as usual, condition RLPR, + Ruan 
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is satisfied, i. e., CU ,=4,,,. Therefore, a cathode follower is used as the 


stage off which control voltage is picked. 


A positive-polarity trigger pulse reduces diode cathode potential, i. e., 
czures a brief current #4, increase. Here, a negative plate voltage us "bump" 
arises due to the increase in the voltage drop across resistance Ro Next, the 
process we already have examined whereby the phantastron is triggered with respect 
to the plate network occurs: a negati.e plate vwe.cage pulse across cathode follower 
Ls and capacitor C acts upon the pentode control grid; pentode cathode current 
and, consequently, screen grid current as well, decrease, while screen grid potential 
rises; a positive voltage a2 pulse is transmitted across capacitor Co to the 
third gria and unblanks the pentode with respect to plate current. A spasmodic 
fpuate voltage decrease by magnitude aust occurs at the moment of triggering, resulting 
in plate voltage becoming less than control voltage. Here, diode D, plate prtential 
will become less than the potential of its cathode and the diode blanks, Thus, 
immediately folowing triggering, diode Dy cuts input networks off from the 
phantastron and these networks exert no further impact on its operation. A 
temporarily-stable circuit state occurs following triggering and linearly-falling 
voltage is shaped at plate during this state. The operating stage continues until 
such time that plate voltage attains critical value Uy xp. Therefore, the /414 


savtooth voltage amplitude equals 
LC’, =Uynyp — SUG, — Us ap (iX.52) 


Circuit recovery to the initial state then occurs. The essence of the processes 
occurring ducing the working stroke and during circuit recovery is identical to 


that in the phantastron circuit examined in Figure IX.25. 


As was the case for circuits examined previously (see Figures IX.21 and IX.25), 
a virtually square positive-polarity pulse is shaped in the third grid during 
the working stroke. This pulse acts upon differentiator C5Re input (see Figure 
IX.26). A positive exponential pulse, corresponding to the moment of circuit 
triggering, and a negative exponential pulse, corresponding to the mament the 
working stroke ceases, arise at the output of this netucrk. The negative pulse 


also is an output pulse: it turns out to be a pulse delayed relative to the moment 
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of circuit triggering by time +,-=r, . Thus, the circuit-generated time delay 


equals vorking stroke duration. 


The initial plate voitage level (Uso=uynp) changes when control voltage changes. 
However, the rate of plate voltage decrease in the linear sector (saw slope), 
in accordance vith (1X.39), remains as before: \’= ae = const. Nor does the minimum 
plate voltage level, from which circuit recovery begins, change: U, wa=U, np =con:t 
(only the pentodc characteristics and resistance RS magnitude determine value 
{sp ). Therefore, a control voltage changes will lead to a proportional change 
in working stroke time, i. e., delay time 4& . The relationship of Ag to Aus, 
clearly is explained in Figure IX.26c, d, e, where voltage curves for two control 
voltage values are presented: C,, (solid line) and Uy,» (dotted line). 


EXERCISE IX.19 


a) A square pulse from the third (or from the second) pentode grid, rather 
than savtooth voltage shaped at plate is used in the examined circuit to obtain 
output voltage -- a delayed pulse. What is the significance here of plete voltage 


linearity? 


b) Use circuit parameters to express delav control transconductance Kk, 


in ratio (IX.50). 


c) How are maximum and minimum delay time obtained and what do they equal? 


Why has resistance Re been included? 


d) How will presence of stray capacitances shunting the pentode plate--cathode 


and suppressor grid--cathode paths impact upon circuit operation? 


Woat vill be obtained at circuit output if positive-polarity rather /415 
cathode)? 


(Page 508) 


e) 
than negative-polarity trigger pulses act upon its input (on diode dD, 





“An analogous result will be obtained if a differentiated pulse of voltage 
from the screen grid is used as circuit output voltage: this pulse also has positive 


polarity and duration equalling ¢: . 
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6. Free-Running Screen Grid Coupling Phantastren 


Examing the operation of a screen grid coupling phantastion circuit (Figure 
IX.25), we say that this circuit remained in a state of stable equilibrium, provided 
by the supply of constant negative bias to the suppressor grid, prior to triggering. 
The circuit operating cycle began from the mcment of triggering and ended by 
independent circuit return to the initial state. Trigger pulse action boiled 
dayn to pentode blanking with respect to the suppressor grid. Consequently, providing 
the circuit with automatic triggering -- spontaneous pentode blanking with respect 
to the suppressor grid upon completion of each cycle -- suffices to convert this 
circuit to the free-running mode.* In other words, there is a requirement to 
insure pentade blanking with respect to the suppressor grid only during circuit 
recovery time, This task vill be accomplished if negative blanking pulses produced 
by the circuit itself act upon the suppressor grid, while each pulse must coincide 
with circuit recovery time. Automatic triggering then will occur at the moment 


each such pulse ceases (<droops). 


Where does one obtain these pulses? Examining Figure 1X.25 voltage curves, 
we note that negative pulses of sufficient amplitudes with porches which, as is 
required, coincide with the moments the operating stage ceases (moment t'), are 
shaped at pentode screen grid. True, each such pulse continues right up to the 
next external triggering, which will be absent in the free-running mode. However, 
it is possible simply to clip these pulses to the requisite magnitude at level 
E403 if they are supplied across an R-C differentiator to the suppressor grid. 
This idea is explained in Figure IX.27, where the input and output voltages of 
the differentiator coupling the screen and suppressor grids are depicted. The 
task is simplified by the fact that such a differentiator already exists in /416 
the Figure [X.25 circuit: accelerating capacitor co and resistance Ry. There 
is a need only to remove resistance Ro (there is no requirement for a voltage 
divicer to supply suppressor grid constant negative potential in the free-running 
made) and disconnect negative bias source ES Here, capacitor C, will play a 
dual role: first, the positive feecback network between screen and suppressor 





“Here, the circuit initial state ceases being stable and it is converted to 
a quasistable state, like the circuit state in the operating stage. 
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Figure IX.27. For Screen Grid Coupling Phantastron Automatic Triggering. 
(a) -- Moment of automatic triggering. 


grids closes across it (we will recall that positive feedback is required ba chaste 
spasmodic transitions at the beginning and end of the working stroke); second, 

it (along with resistance Rs) will be a timing element. The resultant free-running 
screen grid coupling phantastron circuit and curves of the voltages in it are 
depicted in Figure IX.28. We wil] examine circuit operation, beginning with its 


state at the end of a working stroke. 


We already are.aware of the processes during the working stroke: just as 
was the case in the negative feedback GPN circuits examined earlier, capacitor 
C is recharged across unblanked pentode by virtually constant current along network 
+£,, resistance R, capacitor C, plate--cathode path, chassis (-€,). Negative 
feedback network action provides recharging current ccnstancy. Here, negative 
voltage, which rises slowly, is maintained in the cont:c! grid, while plate voltage 
drops by a virtually linear law. The screen grid curren: flowing across resistance 
Ro2 is slight (since the pentode is unblanked with respect to plate current). 
Therefore, voltage 4o2 is high. Circuit parameters are selected (see below) so 
that the transient process in differentiator COR, ends long before the end of 
the working stroke. Therefore, no current flows across capacitor c., and resistance 
Rss there is no voltage drop across the latter, and suppressor grid potential 
equals cathode potential Yg5 = Q. Capacitor Co is charged here to voltage Ug2 


with a "plus" to screen grid. 


The operating stage continues until moment to» when linearly-falling plate 
voltage attains minimum value Usyp. At that moment, negative feedback action 
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Figure IX.28. Free-Running Screen Grid Coupling Phantastron. 
(a) -- Discharge; (b) -- Charge. 


ceases, but the positive feedback network closes (I[X.49), resulting in the 


already-familiar avalanche-like process occurring: voltages Us andu_, rise with 


gl 


a jump, while voltages u_. and u_, fall with a jump. The negative suppressor 


g2 
grid voltage step leads to pentode blanking with respect to plate current: 


{au,5| = lecasl ° 
us increase, while capacitor Cc, discharges in connection with the voltage Ug2 


Then, capacitor C charges in connection with the voltage 


decrease. Control grid current charges capacitor C along network “os resistance 
Ro» capacitor C, control grid--cathode path, chassis (-E,). This current decreases 
along an exponential curve with time constant tap CR. Therefore, plate voltage 


504 





rises along an exponential curve, striving to level +E while voltage Voy /417 
with the identical time constant, decreases, striving towards level u 1 9. 

These levels are maintained then until the beginning of the next cycle. The voltage 
Yl positive exponential excursion leads to a current t,=i,, exponential "bump." 


Therefore, a voltage Yg2 negative excursion of identical shape is created. 


Screen grid current discharges capacitor Cc. along network capacitor c, right 
("plus") plate, screen grid-cathode path, resistance R,, C, left ("minus") plate. 
This network's time constant equals ‘pesp2™C3(rga2+Rs3) . AS discharging /418 
current pass across resistance R3, a vultage drop across it arises and is applied 
with a "minus" to suppressor grid. Negative voltage Ug3 rises along an exponential 
curve with time constant ps3, as a result of the decrease of this current, striving 
to the zero level. However, at moment tis when this voltage, rising, attains 
the blanking voltage E503 level, the pentode is unblanked with respect to plate 
current and the positive feedback network (IX.48) goes into action. An avalanche 
like process, identical to the one when a phantastron is triggered externally, 
occurs here. As a res. t, voltages us and u 1 are reduced with a jump, while 
voltages u 2 and u_, rise. A quasistable circuit state corresponding to the operating 
stage and described above then arises. The only difference from the Figure IX.25 
circuit is that capacitor Cc, at moment ty) begins to charge along network +f) 
resistance Rg2 capacitor Co, resistance Rs, chassis (-E.) in connection with 
the rise in screen grid potential. This network's time constant equals 

‘wp2 0 = A(R ots). Charging current will drop along an exponential curve with 
the identical time constant, reducing screen grid and increasing suppressor grid 
potential. Therefore, voltage u_, rises along an exponential curve, while negative 
voltage Y93 will drop to the zero level. Next, the processes automatically repeat 


themselves. 


The desire is to select those circuit parameters insuring that the effective 
linearly-falling output voltage sector would occupy the basic range of the period, 
i. @., the ineffective range of the period ;, = tit, would be as small as possible. 
The capacitor Cc, discharging time constant mainly determines ineffective range 
duration. However, this duration must be sufficient for complete capacitor C 
charging, i. e., no less than recovery time (y~3tuap = 3CR_- Resistance i is 
decreased to tens and hundreds of kilohms that, however, leads to corresponding 
deterioration of working stroke linearity due to a pentode gain decrease. It 
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is also possible to use a cathode follower, which simultaneously in this case 
is a buffer (see Figures IX.24 and IX.26), is this circuit to reduce recovery 


time. 


The deterioration in working stroke linearity compared to previous circuits 
also occurs due to the positive exponential voltage Ug3 bump at the beginning 
of the operating stage. This bump disrupts plate current constancy and, consequently, 
capacitor C discharging current, and must be as short as possible. Usually, the 
ineffective range of the period comprises tenths or hundredths of a complete period 
of oscillation T=«t,+t,. Therefore, Tut, . Ratio (1X.42) determines cutput 
voltage working stroke duration ¢, = RC. Resistance R controls this duration 


and, consequently, phantastron oscillation frequency Fax. Oscillation frequency 
ranges from unities to several thousand hertz, depending upon circuit parameters. 


EXERCISE IX.20 /419 


Draw the curves of voltages us and Ug3 in the scale used in Figure IX.28 
ifs 

a) resistance Ro is increased by a factor of 3; 

b) resistance R, is increased by a factor of 2; 

c) capacitance c, is decreased by a factor of 3; 

d) resistance R is decreased by a factor of 2; 

How vill these changes in the circuit impact upon output voltage parameters 


(amplitude, linearity, oscillation frequency, stability)? (Page 509) 


7. Monostable Cathode-Coupling Phantastron 


We will return again to the externally-controlled GPN circuit depicted in 
Figure IX.21. If cathode load impedance R, is connected to the pentode Ly cathode 
netvork, then a virtually square pulse of voltage m= &#R, of negative polarity 
will be shaped in this resistance during the vorking stroke (see Exercise IX.15c). 
The potentiai of this grid relative to cathode vill become equa] to voltage ta 
vith an opposite sign: uge—u, if now pentode suppressor grid is connected to 
the lover resistance R, terminal. Consequently, a positive-polarity pulse 
from resistance R, vill act upon the suppressor grid. This pulse also may be 
used as a switching pulse produced by the circuit itself instead of an external 
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(9) 
3 . 
Figure IX.29,. Monostable Cathode-Coupling Phantastron. 


control pulse. Circuits that operate on this principle are referred to as 
cathade-coupling phantastrons. A monostable cathode-coupling phantastron circuit 
and the curves of its voltages at its characteristic points are depicted in F igure 
{x.29. 


Positive pulses acting across transiert network CiRy to the pentode /420 


suppressor grid trigger the phantastron, 
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We will examine circuit operation. 


[Initial state. Oue to coritrol grid current flow across large resistance 
R, its potential approximates cathode potential Usi0 9 in the initial state 
and large cathode current /xo flows across the pentode. This current creates 
across cathade load impedance &, voltage drop Unos/yoRa, which acts upon the 
suppressor gridc like negative bias and blanks the pentode with respect to plate 
current: Use =—Uno<Egs » Therefore, plat? voltage is maximum and equals to: 
Since is = Q, large current /go=/yo flows through the screen grid network and screen 
grid voltage is slight. Thus, circuit initial state prior to triggering is identical 
to that in a monostable screen grid coupling phantastron (see Figure IX.25), with 
one difference: the large voltage drop across resistance &, , rather than the 
external source of negative bias Ey insures pentode blanking with respect to 


plate current. 


Circuit triggering. The pentode is blanked with respect to plate current 
while a positive trigger pulse acts upon the suppressor grid and plate voltage 
is reduced. This voltage reduction is transmitted across capacitor C to the control 
grid and leads to a cathode current decrease. Here, the voltage u, drop cecreases, 
i. @., Suppressor grid voltage Ug3 = —u rises. This leads to a further plate 
current rise. Thus, a positive feedback network, whose action facilitates the 
transitron effect, is formed: a current i, increases means a current i, decrease 
due to a screen grid current ig2 decrease. As a result, an avalanche-like process 
arises, which symbolically may be depicted in the following manner: 


i “Sige 
wom *Bigy oem 25! : : “Ai ° 
Aim sti — site mm hen hen gti = (1X, 53) 


maw eS we ee we es 


The negative feedback loop simultareously is active, exerting a constraining action 
at the moment of triggering (depicted by the dotted line and encircled signs). 


The avalanche-like process ceases when transconductance iyo 2 EF (uys) drops 
to such an extent due to the current 192 decrease that the plate current rise 
already may not be accompanied by a current i, decrease. Thus, at the moment 
of triggering, voltages us and wu, drop vith a jump, while voltages Yg2 and u 
rise. The negative plate voltage step across capacitor C is transmitted to /421 
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the control grid. The voltage steps may be written —-AU,, =—AUge—Al yy; — AU, 
since the voltage between contral grid and “ground” equals = ug: ugar Ua (see Figure 
IX.29a). Her’, resultant step ily; also is negative since tube gain vith respect 
to the cathode netvork always is less than unity and, consequently Mn<AUy 
The magnitude of step AU, as in previous circuits, may not exceed control 

grid blanking voltage WW gai< 1E,4/- However, plate voltage step Au, is several-fold 
greater since the sum of \Uji+rAUndetermires it in a cathode-coupling phantastron. 


Operating stage. As was the case in the phantastron circuits previously 
examined, virtually constant current recharges capacitor C across the unblanked 
pentode following circuit reversal. As usual, negativ2 feedback network action 
(1X.38) insures recharging current constancy. The curves of the operating stage 
voltages essentially do not differ from the corresponding Figure IX.25 curves. 
The voltage between screen grid and "ground" during the working stroke changes 
within smaller limits (more constant) since it equals ugg=tig2at+4,. Mearwhile, 
if the first term decreases in connection with the gradual current 152 rise, then 


the second, on the other hand, rises. 


Recavery. Pentode amplifying properties disappear, the negative feedback 
network is disrupted, capacitor C recharging current begins rapidly to decrease, 
and control grid voltage rapidly begins to rise when plate voltage attains critical 
value Unssp « Here, the positive feedback network again closes and an avalanche-like 
process leading to spasmodic voltage changes ar:ses in the circuit. Positive 
feedback action c' :ses at the moment the pentode is blanked with respect to plate 
current, followed by capacitor C charging to the initial voltage with time constant 
Tp = CR oe Curves of the voltages in the recovery stage do not differ from the 


corresponding Figure I[X.25 curves. 


Just as was the case for a screen grid coupling phantastron, negative pulses 
supplied to plate may trigger a cathode-coupling phantastron and a cathode follower 
also may be used to decrease recovery time. The following are cathode-coupling 
phantastren advantages over screen grid coupling phantastrons: absence of a special 
negative bias E_ source, good positive pulse shape obtained in the screen grid, 
and the possibility of obtaining a negative pulse shaped in resistance Rk, . 
Hovever, the circuit more often is used as a delay circuit operating on the same 
principle as the Figure IX.26 circuit due to the large magnitude of the negative 


plate voltage step at the moment of triggering. 
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EXERCISE IX.21 /422 


a) How vill presence of cathode load impedance &, impact upon the linearity 


of phanatastron output voltage in the operating stage? 


b) Use a symbolic rendition to explain the avalanche-like process (positive 


feedback action) at the moment the operating stage ceases. 





c) Oraw a cathode-coupling phantastron circu:t with plate network triggering 
operating as a variable delay circuit and producing delayed positive-polarity 


pulses, (Page 511) 


§ 6. TRAPEZOIDAL VOLTAGE (SAWTOOTH CURRENT) GENERATOR 


Cathode-ray tubes [CRT] with ar electromagnet ically-controlled beam, which 
have advantages over CRT with an electrostatically-controlled beam, usually are 


used in radar station displays. A magnetic field created by deflecting coils 
deflects the electron beam in magnetically-controlled tubes. The electron beam 

is deflected in a plane perpendicular to magnetic field direction. Beam deflection 
magnitude is proportional to magnetic field strength, which in turn is proportional 
to the current flowing through the coil. Therefcre, the law of current change 

for the coil deflecting the beam in a given plane determines beam behaviour over 
time. It follovs from this that the current of the appropriate coil must change 

by a linear law during the sweep working stroke in order to create a sweep linear 


over time (evenly-divided scale) in a display: 


=m V,t, (IX.54) 


where V, = St = const -- proportionality factor equal to the rate of current change 


and cetermining the sveep rate for a given tube type. 


The law of coil current change during flyback is not applicable since the 


tube is blanked during this time. 


We will explain the shape of the voltage which must be applied to a coil 
so that linearly-changing current will flow through it (Figure IX.30). 
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Any coil has inductance Ly, and resistance r, . Therefure, it may be 


’ represented in the form of a series connection of these elements (Figure IX.3Qa). 





Figure IX.30. For Determination of the Shape of Deflecting 
Coil Voltage To Create a Linear Sweep. 


Voltage applied to the coil equals the sum of the voltage drops across the resistance 


and inductance: 


4, = 8,+ 2, = i (1X.55) 


For given values r, = const and L,= const, the firct term of this expression 


is proportional to current & , while the second is proportional to the rate of 
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“Current 4% flyback also is assumed to be linear for simplicity. 
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change of this current ale . If the current changes by linear law (1X.54), /42 


dt 
then expression (IX.55) may be represented in the form 


a=Vrt+ lV, 


(IX.55a) 


from uhich it follows that the voltage drop across resistance fr, also changes 
by a linear law, while the voltage drop across inductance L, (equalizing self- 


induction emf) is a constant magnitude. 


In this connection, the curves of voltayes u,,4, £ u,=4u,+u4, are plotted 


in Figure IX.30 for savtooth voltage & .* 


Sa, trapezoidal voltage must be applied to the coil in order to obtain 


linearly-changing current in it. DOuring the working stroke, this voltage has 
a blanking level vith height OUs=u,=L,V,and a linear sloping sector with slope 


tga=Vys, . 


We will express the rate of current change in expression (IX.55a) by means 
of vorking stroke duration ano current amplitude V, =~ to explain the coupling 


of the valtage u» shape with coil and sweep parameters. 


Then we will get 


/ I 
Bye ret + us 


mlei(e+ #). 


where w= ceil time constant. 
e 


(IX.55b) 


It is possible to disregard the first term in parentheses given fast sweeps, 


when 1,G% » le Gey 


>! ( TS! during the working stroke) and consider 


byl fy ele te = const. Consequently, for fast sweeps, trapezoidal sveep {424 


voltage may be replaced with square voltage. Given slow sveeps when, on re other 





hand, £, Pie» le Gey a! » it is possible to disregard the second term 

in parentheses and consider ugly t. Consequently, for slow sweeps, trapezoidal 
sweep voltag2 may be replaced with savtocth voltage. Where ¢,=:, u,=/, ter litet ; 
i. e., tratpzzoidal voltage at the end of the working stroke (f=f;) equals doubled 


blanking level height L,=24U,- 


A triode exponential sweep generator (Figure IX.4) may be used to obtain 


trapezoidal voltage in the simplest case if its R-C integrator is replaced with 





Figure (X.31. Triode Trapezoidal Voltage Generator. 


an integrodif “erentiating R-C network. The circuit for such a generator and the 
curves of the voltages in it are depicted in Figure IX.31. This circuit differs 

from the Figu-e IX.4 circuit only in the presence of additional resistance R connected 
in series vith capacitor C to the output network. Triode Ly is unblanked in the 
initial state and, as usual, output voltage equals value Uy wm (IX.19). Capacitor 

C charges alor:g network teas resistance Ra» capacitor C, resistance R, chassis 

(-E)) while a control pulse blanks the triode. Capacitor charging current equals 


t t 


tt=/,e "MP a a Last e ‘ap » where = trap = C(Ro+R) -- charging netvork time constant. 


This current is maximum at the moment of triode blanking and creates in resistance 


R voltage step 


4C,., =/ Rm Ea — Un wey (IX. 56) 


1+ : 
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Then, output voltage rises by the law of exponents, striving towards /425 


level tt) ir connection vith capacitor charging. 


The complete lav of output voltage change during a working stroke is described 


by the expression 
Mane =F j—i,R, =£,—- Somalis use ¢ Tap 
Re 


’ bss 
jap 


‘ 


= (E,—-L', w(t! : hae = 
ui | z | awn 





* R;! 
C’, wa Fam ts wn > E,—U, wang ee ESE 
a ® ‘ 
ee hia, (IX.57) 


@ 


The first term of this expression is the initial output voltage value, the 
second is the magnitude of the step at the beginning of the working stroke (blanking 
level height), the third 1s the law of exponential outout voltage rise after the 
step. Triode Ly unblanks at the moment the control pulse ceases and capacitor 
C rapidly discharges across the triode and resistance R to initial voltage Uvun. 
Thus, a3 usual, control pulse duration (¢;=%, determines working stroke time, 
while circuit recovery time rises somewhat in comparison with (1X.21): 
fees ce 3C(R +R) P 


Condition ft, %*,,, must be satisfied to obtain a sufficiently-slight working 
stroke nonlinearity factor. Here, the exponentia) output voltage sector may be 
considered linear, j. @., capacitor charging current as constant (4=/,;) . Then, 
a trapezoidal pulse of output voltage duri-g a working stroke will be described 


‘ ; : < 1,R ‘yt 
by expression Wy. — Oy a ele ots Praportionality candition le Cire or 


' 5 
in must pe satisfied for this pulse to be similar to the requisite 


voltage shape in the coil (IX.55a), hence we vill get 
CR= 5 Or” cet (1X.58) 
s 
-- tne generator cutput netyvork time constant must equal the coil time constant. 


Satisfaction of this condition for selected C magnitude is achieved by resistance 


R control. 


= ee en Re ee ee ee ee 


seer: pene = eee 











A deflecting coil for a trapezoidal voltage generator is a low-resistance 
load im<&#). Therefore, it always is connected to the generator across /426 
a buffer stage -- a sveep current generator. A cathode follower is used in the 
simplest instance as a buffer stage. If a paraphase (symmetrical) sweep is used, 
then the trapezoidal voltage generator controls the paraphase sweep voltage amplifier, 
while the latter controls a push-pull sweep current amplifier, to the output of 


which the deflecting coils are connected. 


The Figure [X.30a equivalent coil circuit did not consider coil stray distributed 
capacitance C, . This capacitance shunts resistance +r, and inductance Ly, 
and may attain significant magnitude (up to 100 pF) for msltiturn coils. Capacitance 
Cy influence manifests itself in distortions of the current sweep initial sector 
for two reasons. First, capacitance C, may not instantaneously charge itself 
and, therefore, makes instantaneous onset of the voltage blanking level at the 
beginning of the vorking stroke physically impossible. Second, along vith inductance 
L, » capacitance C, forms a parallel oscillatory loop providing shock excitation 
at the moment the working stroke ceases. Oamping oscillations arising in the 
loop at this time constrain minimum flyback time and are accumulated at the onset 


of the forvard motion. 


A special pulse of great amplitude and slight duration sometimes is added 
to the trapezoidal voltage at the beginning of the working stroke in order to 
force capacitance C, charging at the beginning of the working stroke, i. e., 
to increase the blanking level slope. Coil shunting Sy resistance Rm is used 
to eliminate damping oscillations arising in the coil 190p. In accordance with 


(11.57), shunting resistance magnitude must satisfy condition 


1y/te 
Ra <Rey =x} Ce in order to conve-t the loop into an apsriodic loop, i. e., 
to introduce damping less than at the critical level into it. In addition, shunting 
resistance must be sufficiently great so that the basic portion of the generator 
current will pass through the coil, creating a sweep, yvhile only an insignificant 


portion of the current will branch to resistance ‘ 


EXERCISE IX.22 


a) Plot the curves of the coil voltage useu,tu,.if sweep working stroke time 
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1, compared to its Figure IX.30 value is decreased by a factor of 2; increased 
by a factor of 2. Retain the present current amplitude /. (overall sweep dimensions) 


and flyback time « . 


How must the parameters of the trapezoidal voltage generator circuit (1X.31) 
be changed in order, given satisfaction of the wus and uz similarity condition 
(1X.58) and initial output voltage level constancy, to provide the voltage deus 


shape changes corresponding to the resultant curves? 


b) How will trapezoidal volt. ge generator output voltage change compared 
to that depicted in Figure IX.31 if, without changing control pulse duration, 
resistance R is decreased; increased? (Page 511) 


§ 7. TRANSISTOR SAWTOOTH GENERATORS 
/427 


1. R-C Integrator Exponential Voltage Generator 


The generator circuit is depicted in Figure IX.32a. Here, resistance PR, 
and capacitor C form an integrator. Transistor T, coimected in a common-emitter 


cvs 





(4) 


Figure IX.32. R-C Integrator Transistor Trapezoidal Voltage 
Generator Circuit (a) and Voltage ‘curves (9). 


circuit, operates in the switching mode, Circuit advantages include simplicity 
and relatively short recovery time. 


Voltage curves explaining tne operation of this circuit are depicted in Figure 
1X.32b. 
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The transistor is in a state of saturation in the init:al state and collector 


valtage approximates zero (Figure [X.33). Input current (base current 6 ) equal 


bx (ual 
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Figure IX.33. Transistor Characteristics in the Common-Emitter Circuit 
Illustrating Operation of the Figure IX.32 Circuit. 


to or exceeding magnitude /,, supports this state. 


Initial capacitor voltage Ur equalling collector voltage is measured in 
tenths of a valt. 


While a positive square pulse blanks the transistor, capacitor C charges 
by a law described in its first approximation by the expression 


tg = (Ey — Ry (tae ™), (1X.59) 


The time the transistor exits from saturation (first carrier clean-out) and 
the time lag stipulated by transistor frequency properties are not considered 


here since they are slight compared with switching pulse duration. 


Transistor 
shunting action also is not considered. 
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It is evident from expression (IX.59) that the rate of output voltage /428 
change will depend on the current /,, magnitude and, at the initial moment, equals 


du-| £ ft 
Cc « 
Wa ee (1X,60) 


where <A. 


Capacitor C capacitance must be sufficiently great to decrease the influence 
of current ‘mw on the rate and, consequently, also on the amplitude for the given 
forward motion duration «, . Here, there is a requirement to decrease resistance 

magnitude to insure the assigned output voltage rate change value. A safe 


collector current R, magnitude determines the minimum /,, value. 


There is a requirement to select :>»7, to provide a slight nonlinearity factor 
value, just as was the case in R-C integrator tube generators, which leads to 
a low supply source utilization factor value rate , where U, -- savtooth 


voltage amplitude. 


One must turn to the form of the conventional integrator to evaluate /429 
the nonlinearity factor magnitude considering Figure IX.32a circuit shunting. 





pa) 


Figure IX.34, Capacitor Charging Circuit: 
(a) -= Equivalent circuit; (b) -= Reduced circuit. 


We will consider that subsequent stage input resistance is sufficiently great 

(an emitter follower on composite transistors is used, for example) and load shunting 
action may be disregarded. The Figure IX.34a circuit may characterize transistor 

T in the blanked state, 
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One considers the shunting action of the blanked transistor in this circuit 
by introducing shunting voltage generator E,=/,, and collector junction resistance 
r, « Considering initial capacitor valtage Ung = 0 and transforming the circuit 
by the theorem about an equivalent generator, we get an integrator (Figure IX.34b), 


vhere 
Eom Rte, [Ea Pal Stee 
R atl, . (1X.62) 
Hence, the nonlinearity factor may be written in the form 
R, 
‘ 7 1+ 
Ga Mae fot ( re) (1X.63) 


e 
where L, -- sawtooth voltage amplitude determined, where ‘<%= A&,C, from 


the formula 


U, mE. (1X.64) 


In practical calculations where r,>»R,and current /,, magnitude is slight, 
the formula is simplified and has the form 
USE ae, (1X.65) 
In those cases when condition <A, is satisfied, the approximate /430 
nonlinearity factor magnitude may be obtained directly from expression (IX.59): 


Us 
anne 


This is in complete conformity with formula (IX.63) for the assumptions made, 


Capacitor C discharge across transistor T begins when input pulse action 
ceases. Capacitor voltage decreases from maximum value Ue xexctO minimum value 


Ucune The transistor is in the active region during the entire capacitor discharge 
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Boe pacclclee wea hese een hapi cmp i wen dt 


process and it may be looked upon as a current 3/g generator. The transistor 
converts to the saturation mode only when capacitor discharge ceases. 


We will present the equivaient capacitor discharge circuit in the form depicteg 
in Figure IX.35a for recovery time evaluation. This circuit may be corrected 





Figure IX.35, Equivalent Capacitor Discharge Circuit: 
(a) -- With current generator; (b) -= With voltage generator. 


to the form of a conventional R-C network, as depicted in Figure IX.35b. Here, 
U, = 3/,R, — Ey. (IX.66) 


In this case, capacitor voltage changes by the law 


aoa — (U,+U,)e Mi. (1X.67) 
which is illustrated in Figure IX.36. 


Discharge ceases at the moment when Uc 0. Then recovery time may be determined 
directly from expression (1X.67): 


fe RCin(1 +4). (1X.68) 


The resultant formula is simplified if UL<£F,<.3/,R, (which essentially takes 
place): 


t ZAC Ls. — CU. . (IX.68a) 





It is evident from this that a recovery time decrease requires that /431 
one have the greatest possible current /, value, which corresponds to greater 
transistor bottoming in the initial mode. This phenomenon may be explained by 
using Figure IX.33, where initial discharging current values vere Jemunstrated 
for instances when the transistor was at saturation threshold ig=/;, and in 
a bottoming state :,=/a>/an. Oischarging current is determined as the difference 
in the collector current 4 ordinates corresponding to the current characteristic 


where ia = const and the load line. 


In the first instance (where in io, ), Tecovery is slow since the initial 


discharging current /p magnitude is slight, while its relative decrease during 





Figure IX.36. For Recovery Time Determination. 
the discharge process is great. In the second instance (where lgmtg, ), recovery 
occurs relative more rapidly since discharging current /, is greater and the 


relative decrease less. 


Safe magnitude of the power dissipated by the transistor determines the clamping 
of the maximum discharging current magnitude. 


This GPN circuit will find practical use in those instances when there is 
a requirement for voltage with a nonlinearity factor 3, = 10--15%. 


EXERCISE IX.23 


a) What link exists between circuit temperature stability (the requirement 
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for constant amplitude, for example) and the requirement for rapid recovery to 
the initial state? 


b) Determine safe suitching pulse duty ratio in the Figure 'X.32 OPN circuit 
if: te = 1,000 usec, Re = 10 kilohm, C = 0.25 uF, &s = 160 kilohm, & = -20 


V. 


The transistor characteristics used in the circuit are depicted in Figure 
1X.33. Disregard transistor shunting action. (Page 512) 


2. Current-Stabilizing One-Port Sawtooth Generator 


The inability simultaneously to obtain great saytooth voltage amplitude and 


a low nonlinearity factor is a shortcoming of the GPN circuit examined above. 





Figure IX.37. Transistor Current-Stabilizing One-Port GPN 
Schematic Diagram (a) and Equivalent Circuit (b). 


Therefore, circuits utilizing the current-stabilizing properties of transistors 
have found vide use. OQne such example is the circuit depicted in Figure IX.37a. 
Here, transistor Y plays the role of switch, while transistor Tos connented as 
a common-base circuit, acts as a current requlator. The stabilizing properties 
of one=port a6 (Figure IX.37b) determines such an important GPN indicator as the 


nonlinearity factor. 


We will assume that internal element resistances (load impedance &, , blanked 


resistance, capacitor C leakage resistance) connected to the one-port 
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transistor Ty 





is very great at the sawtooth voltage shaping stage. Then, all one-port collector 
current flows only across capacitor C and its change determines the degree of 
output voltage linearity, i. e., 


= Jnee — Jeon = al 
mae Snow” 


Transistor T, collector characteristics, which in external form are reminiscent 


of pentode volt-ampere characteristics, are represented in Figure IX.38. In this 





Figure IX.38. Common-Base Transistor Circuit Characteristics 
Illustrating Operation of the Figure IX.37 GPN Circuit. 


case, a slight discharging current change corresponds to a capacitor C voltage 
change ranging from Ur = Unuane 69 Ue = Uae, » Which is caused by the form 
of the transistor characteristics. 


Negative feedback caused by the presence of resistance R in the emitter network 
constrains the tendencies of discharging current to change, along with the 
current-stabilizing action of the transistor itself, and this increases the degree 
of output voltage linearity. Actually, if one assumes R = 0, then the point 
representing system state (point A in Figure IX.38), due to capacitor discharge, 
will shift along one of the transistor static characteristics (i,=/y) and, by 
the end of the working stroke (Yc=Uyuen), will occupy a position correspording 
to point A’. The magnitude of the collector current drop equals 41,. Given 
resistance R in the emitter circuit, current i, will strive to decrease due to 
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Capacitor discharge but here voltage in the base--emitter sector will decrease /433 
since «.=—C+i,R . The latter circumstance leads to the fact that a slight 
emitter current increase occurs in the discharging process and the representative 
point shifts, not along one characteristic, but changes to characteristics 
corresponding to a large cur.ent -. value. By the end of the working stroke, 

the representative point vill occupy a position corresponding to point A". The 
magnitude of the collector current drop equals Al, and turns out to be significantly 


less than in the previous case. 


The magnitude of resistance R must be increased to increase one-port current- 
stabilizing properties. However, a significant R increase is undesirable since 
voltage E must be increased to the same degree to insure the given initial discharging 


current /ya_y magnitude, 


EXERCISE IX.24 


Think about why there is a requirement to increase source voltage E when 
resistance R increases. Upon which output voltage parameter does the voltage 


E— magnitude impact where R = const? (Page 513) 


t is possible to obtain an analytical expression for nonlinearity factor 
ju, stemming From the following circumstances. Magnitude 3, is determined 


by the known ratio 
3.= Trae’ 


where SI == one-port a6 current change. 


The AI change may be expressed by the voltage change between points a and 
6 (Figure IX.37b), i. e., the capacitor C voltage change, and the internal /434 
resistance of this one-port, which in this case is common-vase circuit output 
resistance determined in accordance with (III.101). It follows from what has 


been stated that 


Mx Heseee— Us oun pa ve (1X.69) 
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Rour ofuay = We + lh 5 
new (fa + eee) (IX.70) 
, 6 


When resistance R increases, output resistance will rise, striving within 


the range to value 


Ruass al, + "mle. 


Consequently, the minimum nonlinearity factor value given the assigned amplitude 


and initial current, is determined by the expression 


Boe cea (IX.71) 
@wues Taan’a 


Under actual conditions, this 3, value may not be realized since one may 
not have a resistance R magnitude that is too large for the reason stated above. 
Usually, the selected resistance R magnitude is such that, when 


Reus ‘ = 0,97, ® 


and therefore 





Bald zee. (1X72) 
In addition, the shunting action of internal element resistances also leads 
to a nonlinearity factor increase. Essentially, it is necessary to reckon only 
with load impedance f,. since the back resistance of blanked transistor 1 emitter 
junction fecp>m. A composite transistor emitter follower is used as a matching 


device to eliminate the shunting action of load. 
Having familiarized ourselves with the principle of discharging current 
stabilization, we briefly will examine the physical processes in a GPN circuit 


during a complete cycle, i. e., during period T. 


Current-stabilizing transistor To and switching transistor th are unblanked 
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in the initial state since their base voltages are negative relative to the emitters. 
Transistor iy voltage is slight and capacitor C charges to voltage approximating 
fe « 


Transistor T, (Figure IX.37a) unblanks when a positive-polarity switching 
pulse is supplied to input (Figure IX.39a). Capacitor C begins to discharge /435 





Figure iX.39, Curves of Voltages at Figuie IX.37 
GPN Circuit Input and Output. 


across current~stabilizing transistor To. Discharging current remains essentially 
constant, while capacitor voltage remains linear (Figure IX.39b) since switching 
pulse duration is less than complete capacitor C discharging time. Sawtooth voltage 
amplitude may be determined from the formula 


lege 
U,~ =, (1X.73) 
where 
ign daye + son = Naas ( — 4). (IX.74) 


Transistor Ty unblanks when the switching pulse ceases and capacitor C charges 
to the initial value. There is a requirement to insure a transistor t saturation 
mode for the purpose of reducing circuit recovery time, so this selection is made 


Rs < uae. 
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EXERCISE IX.25 


What is the purpose for connecting resistance ek, to the transistor ny 
collector netvork? (Page 513) 


In conclusion, we vill introduce a circuit used in practice (Figure IX.4Q). 


A divider composed of resistances RRR, is used in the circuit instead of 





Figure IX.40. Practical Transistor Current-Stabilizing 
One~Port GPN Circuit. 


a negative bias source. Variable resistance Ro makes it possible to control output 
voltage amplitude. The following transistors are used in this circuit: P16A, 

P16B, MP42B, and P268 as switching transistor "WW P16B, P26B, and P106 as /436 
current-stabilizing transistor To3 PI6A, P168, P268, and MP42 in the emitter follower. 


3. Positive Voltage Feedback Sawtooth Generator 


A transistor positive voltage feedback GPN circuit (Figure IX.41) is analogous 
to the electron tube circuit (Figure IX.18). Transistor Le playing the role 
of switch, is untlanked and will be at saturation in the initial state. This 
is achieved thro.gh selection of resistance k,<4.,,8,- Oiode 0 also is unblanked. 
Capacitor C voltzge approximates zero. Transistor T, is connected to the emitter 
follover circuit and is intended to accomplish nositive voltage feedback. Capacitor 
C is charged to voltage Li. ene approximately equalling £,, since the voltage drop 
across conductinc diode D internal resistance and resistance #, are slight. 
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Fisure IX.41. Transistor Positive Feedback GPN Circuit. 


Switching transistor Y and diode D are blanked when a positive-polarity 
switching pulse arrives and capacitor C begins to charge. Capacitor Co» whose 


selected capacitance is significantly greater than that of capacitor C, plays 


the rale of voltage source. As was the vase for the tube circuit, charging current 


virtually does not change and the rate of capacitance C voltage rise remains 
This is because emitter follower output voltage (point Bg ) /437 


unchanged. 
This voltage change 


decreases simultaneously with a capacitor C voltage decrease. 
across feedback capacitor C. is transmitted to diode D plate (point A). Since 


emitter follower transfer constant Kw! , then the potential difference oetween 
points A and 6 is retained as constant and the current flowing across resistance 


Rk, and capacitor C vill be constant. Consequently, capacitor C voltage will 


change by a linear law (Figure IX.42). 


Transistor Y unblenks when the switching pulse ceases and capacitor C discharges 
Discharging time is determined just as it vas for the R-C integrator 
fj turns out to be insignificant since a bottoming 


across it. 
GPN circuit. Oischarging time 
mode 1s provided for transistor TY. Reestablishment of capacitor C., charging 

begins after capacitor C discharge since diode D remains blanked during this entire 
tire and the capacitor Cc, charging netvork turns out to be open. Therefore, overall 
circuit recovery time will be determined by the expression 


ty ly tty, (1X.75) 
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Figure IX.42, Voltage Curves for a Positive Feedback GPN Circuit. 


where t, -- capacitor C discharging time; 
t, -- capacitor Cy milking time: 


y= (3+ 5)C,(R, + R,). 


The second term in expression (IX.75) has great weight since capacitor Co 
capacitance magnitude is significantly greater than that of capacitor C. The 
magnitude of resistance #, must be decreased in order to decrease capacitor C, 
charging timc. However, transistor 1, input resistance and emitter follower transfer 
constant A, decrease here, which leads to a deterioration in the linearity of 


the shaped voltage. 
EXERCISE IX.26 


How can circuit recovery time 4 be decreased vithout harming output voltage 
linearity? (Page 513) 


The anglitude of the generated voltage is determined by knoun formula /438 


U.= lanale 
rl 


Cc s 
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where /y,,-- initial charging current value: 


E 
law = R . 





The nonlinearity factor for the given sawtooth generator may be written by 
means of an analogy with the nonlinearity factor for an electron tube circuit 


4 c (IX.76) 


Uy 
fam EE (1 Kat Ge), 
where K,, -- emitter follower gain: 


Sia pee ee 
ryt Ry + rg (1—a) * 


K.= 


The shunting action of blanked transistor TY is not considered in expression 
(IX.76) since the resistance Rx magnitude usually is much less than transistor 


ty resistance f%, . 


P25B, P268, and P104 transistors are used in the circuit in the emitter follower 
and P16A, P26, and P106 transistors are used as the switching element. 0101, 
0201, 0204, and other such diodes may be used as diode D. 


The major advantage of this generator is its slight output resistance, which 
equals emitter follower output resistance during the working stroke. 


4. Negative Voltage Feedback Sawtooth Generator (Integrator) 


The simplest circuit for a generator of this type is depicted in Figure IX.43a, 
Transistor T is blanked in the initial state due to bias source £,,. Base 


potential equals zero. Capacitor C is charged ta voltage &. 


Diode D blanks and transistor T unblanks when a negative-polarity switching 
pulse is supplied to input. The sum of the capacitor C discharging currents and 
the current flowing across resistance R, determines collector current folloving 
unblanking. Evidently this mode occurs when transistor T base voltage is negative. 
Consequently, base valtage step AU (Figure 1X.44c) and the collector voltage step 
equal to it (Figure IX.44b) turn out to be negative. It is possible to eliminate 
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Figure IX.43. Transistor Negative Feedback CPN Circuit: 
(a) -- Equivalent circuit; (b) -- Simplified circuit. 


the collector voltage step if relatively-slight resistance r (depicted by the 


dotted line in the figure) is connected in series with capacitor C. As was the 


case previously, transistor T base voltage decreases with a jump by magnitude 
AU the moment the switching pulse is supplied. However, capacitor C discharging 
current creates a voltage drop across resistance r of such polarity that the collector 


voltage step is determined by the difference: 


SU, = 3U ~ My aay 


where Ioan = e- initial discharging current value. 


Having selected resistance r magnitu -e from the condition 


SU = tp, 


it is possible to obtain complete initial collector voltage compensation. 


The generator circuit in running order is a conventional integrating amplifier 


with a feedback network formed by capacitor C and resistance R. Voltage ~—&, is 


supplied to integrator input. 
The physical processes occurring in the circuit are analogous to the processes 


531 








Figure IX.44. Voltage Curves for the Figure 1X.43 GPN Circuit. 


in an identical tube generator, i. e., capacitor C discharge with virtually constant 
current occurs in the circuit as a result of negative feedback. Actually, the 
discharging current decrease causes a decrease in base potential and, /440 
consequently, a collector current increase. Collector potential increases, thus 
constraining the discharging current decrease. The capacitor C discharge with 
constant current stipulates output voltage linearity. The representative point 
attains the criticality line (j*0) if switching pulse duration exceeds the 

R-C time constant and the transistor loses amplifying properties. Capacitor linear 
discharge ceases and a horizontal sector appears in the collector voltage curve. 


Shaped voltage Uy amplitude almost equals supply source voltage £, , i. Gs, 
the source voltage utilization factor approximates unity. The slight deviation 
from unity is explained by the fact that, on the one hand, initial voltage does 
not equal £, , differing by magnitude /.R,x, and, on the other, the voltage drop 
across the saturated transistor Uswa, differs from zero. Magnitude Uxury, does 
not exceed 0.1--0.2 V for low-power alloy transistors. Current /,, magnitude 
for P14 and P15 germanium transistors at room temperature does not exceed 5--10 
uA or 1.0 uA for P104 germanium transistors. Resistance &, magnituve usually 
is no more than 10 kilohms. Therefore, sawtooth voltage amplitude Uys differs 
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from £, by no more than 0.2—0.3 V. Since the rate of witput voltage change 
is determined by the expression 


du, I E, 
Cm, fnee fn 
P= a ~ "C= RC’ 





and maximum amplitude U,=E£,, then the maximum switching pulse duration at which 
voltace linearity is provided during a complete forward motion equals 


be wexe = RC. (IX.77) 


Diode D unblanks the moment the switching pulse ceases. Base and collector 


voltage increase with a jump. 


EXERCISE IX.27 


Why isn't the collector voltage step compensated for when the switching pulse 
(Page 513) 


ceases? 
Capacitor C charging begins after this. Recovery time may be considered 


to equal 
tm (35) C(R, + R, + 2] = (35) CR,, 


since usually A, >(R, + 2,)- 


The same methods used in tube circuits to reduce recovery time may be used 
here. For example, clamping the initial level in the transistor collector /441 
at level —fy»(in absolute value less than voltage &, ) with the aid of diode 
Dos as shown in Figure 1X.45, often is used. In this event, recovery time is 


determined by the formula 


t, = CR, In re (1X.78) 


Just as vas the case in tube circuits, this method leads to a decrease in 


output voltage amplitude for given supply source £&, . 
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Figure IX.45. Clamping Diode Connertion Figure IX.46. Corrected 
To Reduce Recovery Time, Positive Feedback GPN Circuit 
During a Working Stroke. 


Tne nonlinearity factor in the transistor integrator circuit is determined, 
just as it was for the electron tube integrator circuit, i. e., 


te 
=. 
= + 


The difference lies only in determination of the equivalent time constant 
2 . It is necessary to consider that a transistor, as opposed to an electron 
tube, has finite input resistance value R,,. 


A simplified integrat.: .urcuit in running order is presented in Figure IX.43b. 
Here, input resistance condivasonally is depicted by the dotted line. After 
transformation by the theorem of the equivalent generator, the input network has 


the form depicted in Figure IX.46. Here, resistance R= po 
x 


Consequently, the equivalent time constant is determined by the expression 





on es RR 1 
% = CR, (K+1) CR eG (1X.79) 
Ry. 
vhere K -~ common-emitter amplifier gain; 1/442 


hy, —~ common-emitter amplifier input resistance. 
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Input resistance and gain may be determined by formulas (111.114) and (III.117), 
respectively. 


Thus, finally, the nonlinearity factor magnitude vill be written in the form 


: ty R 
=a (1 +g). (1X.80) 


5 
r 
€ 
4 
i 
« 
. 
i 
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CHAPTER X /443 
EXERCISE ANSWERS AND EXPLANATIONS 


EXERCISE I.1 


a) For passive response RLS, emitted radio waves are distributed to the 


object (target), reflected from it, and returned to the RLS. Therefore, the time 
from the moment of pulse radiation to the moment of its receipt is Gad ’ 


Cc 
hence r=—-"% , 


For active response RLS, there is a requirement additionally to consider 


relaying time at the object (transponder tripping time) ‘>. Therefore, 


t—t 
a hence ee 
= thy ’ = —— 


(=m 
b) From the aforementioned condition, t, <7, must be satisfied, hence 
fun: =. Where T = 600 usec, pie eee. 450 im, 





c) Gate pulse delay time must correspond to second target lag time 


Py 24S tie 
bop = ee = 567 usec. The shorter the gate puls2 ‘eee, duration, the more 


accurate (precise) the target signal gating. However, this duration aust be 
sufficient so the turget gated pulse completely vill pass through the receiver 
even when there is a possible gate pulse delay inaccuracy. Therefore, 
‘acertiatMaee , where t, -- received target pulse duration, ‘een <= maximum 
error in the automatic tracking system producing the gate pulses. 
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d) Individual measurement of range to each of two targets from the display 
is possible if the pulses from these targets are visible individually, i. e., 
the pulse from the most-distant target arises after cessation of the pulse from 
the nearest target (othervise, the pulses will combine). Consequently, the minimal 
difference in lag times is Mrwsatta—tiets , hence Mun = CH aC - For 
example, where 1t, = 0.5 usec, Atanas = 75 meters. The requirement is that only 
the pulse from a given target must coincide with strobe pulses for the automatic 
tracking system to track that target. Consequently, in this case, the total duration 


of the strobe pulse pair temps: Muen = cm ate constrains this value. 


e} Calibrating pulse spacing to create range marks at interval 4, = 5 
km must equal Tyo ste s 33 usec or their frequency fee = 30 kHz. 

f) The number of pulses in a packet (see Figure 1.8) equals Nam Fe » 1444 
vhere 7n = logs” = -- packet duration (target painting time), Oey = i scanning 
rate, fy,elen—Tor -~ beam forward stroke time, Tea = -- scanning period. 

In accordance with the conditions of the problem, Tee = = 50 usec; Tus = 50 
-~ 10 = 40 usec; tana © gay = 2.67 usec; Te = F>* 33797 20.4 usec; and N= 22 =6.7 
pulses. Rounding off tne result to the nearest whole number, we will get wv, 


= 6 pulses. 
Where ¢, = 32 usec, tu = cat, 075-32 = 24° , 
EXERCISE 1.2 


A functional diagram of a synchronizer and range display corresponding to 


the Figure I.9 curves is depicted in Figure X.1. 


EXERCISE II.2 


The given curves are |’ .icted in Figure X.2. First off, we will recall that, 
in the graphs, circuit time constan® F- equals a subtangent--the segment intercepting 
the ‘tangent to the initial point of the exponential curve on the horizontal line 
tovards which the exponential curve will strive to infinity (see Attachment 3). 
This circumstance facilitates plotting and comparing exponential curves. 
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Figure X.l. For Exercise I.2. 


KEY: (a) -- Synchronizer; (b) -- Harmonic oscillator; (c) -- Bidirectional 
clamps; (d) -- Di’ crentiator; (e) -- Frequency divider; (f) -- Amplifier- 
inverter; (g) -- 1 .znsifier pulse generator; (h) -= sawtooth generator; 

(i) -- Clamp; (j) -- Flyback pulse generator; (k) -- Range display; (1) -- 
Variable delay circuit; (m) -- Range marker pulse generator; (n) -- Cathode-ray 
tube; (0) -~ Target pulses from receiver output. 


The letter a in Figure X.2 designates initial curves corresponding to Figure 


II.2a, i. e., time constant T = RC. 


The voltage towards which the capacitor will strive to charge, initial current 


is values, and voltage u, decrease accordingly when source voltage decreases 
’ R y 


—E 
by a factor of 2 (e=+) . The circuit time constant, i. e., the duration /445 
of the chargirg process, retains unchanged. Therefore, in accordance with (X1.13), 
the rate of function Ur» ‘sy and Up change decreases by a factor of 2 (curves 
4). 


Time constant +=C’Rete rises by a factor of 2 when the capacitance increases 
by a Factor of 2 (C' = 2C). Therefore, the duration of the charging process increases 
by a factor of 2, i. e., the rate of function Yes ‘sy and Up change decreases 


by a factor of 2 (curves *). 
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Figure X.2. Voltage and Current Curves As A Capacitor 
Charges Across Resistance: (a) -- For Initial Values E, R, C; 


R 
(b) -- For ==; (c) -- For C, = 2C; (d) -- For Ry = 3 
Circuit time constant + #CR = -y decreases by a factor of 2 when the /446 
resistance decreases by a factor of 2 (R' = 5). Therefore, charging time decreases 
by a factos of 2, i. e., the rate of function Urs fey and Up change rises by 
a factor of 2. In addition, the initial charging current value rises by a factor 
of 2 hae (curve 7), 
EXERCISE [1.2 


These curves are plotted in Figure X.3. Inductance L discharging time constant 
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Current and Voltage Curves When Inductance Discharges Across 
(a) -- For initial values Tye by R3 (b) -- For Ry = 2R. 
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changes by a factor of 2 vepey » vhere =e -~ initial time constant, 
when resistance f is increased by a factor of 2 (R' = 2R). Therefore, the duration 
of the charging process is reduced by a factor of 2. The initial value of the 
current in inductance /e=/, does not change since the previous inductance charging 
circuit parameters determine it and they are retained at the moment discharging 
begins. Therefore, the discharging current ¢, decrease occurs faster by a factor 


of 2. 


Initial voltage value Up = -u increases by a factor of 2: Up = IR? = 21, R; 
Ur 7 1 R' z 21 R. This is explained from the physical point of view by the fact 
that, when resistance & increases, the power dissipated in this resistance in 
the form of heat rises P=iR. Therefore, the electromagnetic energy stored 
in the inductance magnetic field is expended more rapidly and, consequently, the 
rate of current »® decrease rises. But, here, self-induction emf rises 

*, arta consequently, voltages %,™=—e, and upe—u,. Since the initial 
values of voltages Up and ue rise by a factor of 2, while the time constant decreases 
vy a factor of 2, the rate of decrease of these voltages increases by a factor 


of 4, 


Thus, the resistance R increase in the inductance discharging circuit, given 
the identical initial discharging current, causes a proportional rise of /447 
initial Ue end Up values. This circumstance is of important practiral significance. 
First, it must be considered in circuits where a disruption of the inductance 


coil supply circuit from the constant voltage supply occurs. 


It is a case where inductance coil discharge to the large resistance of the 
disruption path i:self occurs when this circuit is broken. Therefore, at the 
moment of disrupt.on, coil voltage rises with a jump to such a large magnitude 
(where R 200 uy = o2 ), and an electrical breakdown between coil turns or to 
"ground" may occu:. To avoid a breakdown, the coil usually is shunted by e@ cnacial 
resistance Xs, «.he magnitude of which is sufficiently small so that the n.tage 


uy "bump" 13 with .n tolerances when tne circuit is disrupted... 


Second, the sossibility of obtaining large voltace Up at the moment the 
incuctance supply circuit is disrupted specially may be used in those instances 
when there is a requirement to obtain pulse voltages of great ampiitude exceeding 
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constant supply vultage. A pulse modulator vith an inductive energy integrator 
is one of the devices in which this principle of increasing voltage is used (see 


Chapter II, § 1). 
EXERCISE II.3 


a) During resting time ts energy Vn =Popty = Ports (where >). Gen, ), 
where %, -- average power consumed from the supply source, i. e., average 
transmitt.er pover, is stored in the integrator. Since modulating pulse energy 
equals wW.=P., , where Pe -- pulse pover and, with respect to the law of power 
retention, WoeWe , then P.5sTe=Pate . Consequently, Pe = Pop = PAO, which 


corresponds to formula (1.6). 


b) There is a requirement that, during pulse time ‘a , capacitor Cy be 
discharge’ slightly (see Figure 11.7), i. e., that condition %.~t% be satisfied, 
in order to decrease pulse tilt reduction 3U.s=3Uc in a modulator with a capacitive 
integrator. In this case, charging current amplituae = SES also decreases, 
vhich vili lead to a reduction in losses in the charging network and, due to this, 
to an increase in modulator efficiency. Hovever, given a slight au, magnitude, 
anly an insignificant portion of the energy stcred in the capacitor is supplied 


to the microwave oscillator during the discharging process 


C. (le wane le aie! Cua, (Cy went z U ewan) 


v = 


C ues 


a, = Fe wage - 
Hence, it follows that an increase in pulse energy, given source voltage 


Eom Uc waee and SU, value, is possible only due to an increase in cipacitor C.. 


capacitance. 


cy) Condition ty St; must be satisfied for complete choke charging, i. e@., 
enartging current to rise to its maximum valve ie “2 , te occur in a moduiator 
with a capacitive integrator during resting time. Here, oulse amplitude equals 
Wy 21#, = 6,02 ond condition U,S> £) vill be satasfied vnen Rey ie ery 


7% . Pulse titt reduction s,e%%.9 vill be slight if during discharge time 


tf the current My decrease via. ve slignt, 1. ee, t. te . Simultaneous 
satisractiom af conditions ttt .t tp vty is possible only when the shaped 
pulse uuty ratio is hijn (vhere teats o. 

542 





EXERCISE I1.4 


a) R-C integrator output voltage is picked off capacitor C, while resistance 
R is connected in series between network input and output. Therefore, the following 
ar2 R-C integrators: netvork COR, in Figure I1.14; RC, in Figure 11.16; /448 
Roy (plate filcer) and -«.«. (screen grid supply network) in Figure 11.18; Rc 


in Figure IX.4. 


b) The time constant of the Figure If.llb R-C network for the parameters 
given equals <=U=lu'-aw-iv---iws 3 usec. However, it is impossible to designate 
netyork purpose. One may only assert that it is not an integrator (but this is 
evident without knowing network parameters). It is impossible to determine if 
this is a differentiator or a transient network, even knowing its time constant, 
if .nput pulse duration is not given. Where f>t , it will be a differentiator, 


and will be a transient network when mist 


The Figure II.lld R-L network, where tot , transmits a pulse virtually 
witrout distortions (see the Figure I1.10c voltage uy curve where <i a>le ). 
However, it may not be used as a transient network because its input and ovcput 


are not separated with respect to the d-c component, 


EXERTISE II.5 


a) !m accordance with (XI.15), compJete capacitor charging time is = ‘senes+Je, 
Ther2fore, if ‘ee:+3¢, then capacitor charging essentially ceases (UsursUsr) and 


autput pulse porch duration corresponds to complete charging time few, If 





Figure X.4. Ratio of Pulse Shape at R-C Integrator Output 
To Its Time Constant (u<u<s) . 
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tasrz<3, then the capacitor charging does not cease while the input pulse is active 
(UsursUen) ANd tyetese « Thus, ¢ <tase . Complete capacitor discharging time 


falloving input pulse cessation ‘:s=3* determines output pulse decay time. Complete 


output pulse duration 


Se oun Zonas + len = fuar tH 


b) These curves are plotted in Figure X.4. Where R = 1 kilohm, C = 1,000 pF, 
netuork time constant + = 1.1 10-"-10 = l usec, i. @., ‘asr®4%. Since fp23e, 
then Usus = Ue feour Zlear +37 = 7 uSec (curve a). 

Where R = 20 kilohm, C = 200 pF, +” =%-10°-200-10-"-10= 4 usec, i. e@., 

fear =e", With ressect te time constant determination, we will get 


Crus = 9,63 Css. eons = 16 usec (curve b). 


Where R = 2 kilohm, C = 0.006 uf, *” =2-10°-6.10-".10 = 12 usec, i. e., 


v°=3esr . In this event, the output voltage porch virtually is linear and, 


therefore, Uy: = Uses at = op (curve c). 





EXERCISE 11.6 /449 


The time constant for stretching network T = RC, must satisfy conditions 
tla HNte, H<Ta—taeter for normal operation of the Figure I1.14 coincidence 
circuit. Second grid voltage (capacitor Co voltage) rises slightly vhile pulse 


A is active vhen the First condition is satisfied, resulting in the pentode not 


unblanking while this pulse is active. In addition, when this condition is satisfied, 


while pulse 6 1s active, second gr:i voltage decreases slightly from its maximum 


value, which also insures that the pentode unblanks while this pulse is active. 


Satisfaction of the second condition insures completicn of the capacitor 
Cc, charging process while pulse sa; is active, resulting in voltage Uno succeeding 
in rising to its amplitide Cs, sy the end of :nis pulse. This makes it possible 
to use pulses “s12 of minimum amplitude, vhich must only be sufficient for pentode 


unblanking with respect to the second grid. 





“If resting time betveen input pulses is sufficiently great for completion 
of the discharging process, tedoh - 
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Satisfaction of the third condition insures completion cf the capacitor C, 
discharging process during resting times. Otherwise, there would be residual 
voltage exceeding second grid potential present in the capacitor at the beginning 
of the subsequent pulse us:. As a result, pentode unblanking might become possible 


in spite of the first condition being satisfied. 
EXERCISE I1.7 


a) Triggering pulse duration determines maximum time delay ‘swee<t in the 
Figure II.15 cizcuit and will be obtained if capacitor Cy voltage at the moment 
the triggering pulse ceases still continues to rise at a sufficiently~high rate. 
This requires satisfaction of condition t2RC >= (capacitor charging must not 


cease during time % }. 


b) In the Figure 11.16 circuit, triode Ly unblanks at moment t = tis when 
: i 





Ug = EG0° There‘ore, in accordance with (11.37) Ey alyit (Ea ~ Uys) ( vj ’ 
hence 
+ By, Ea—U, 
oe = — Cad or at acim, 
Ea Ege Ea Ege 


Initial negative triode grid voltage equals 





E,—E 600 
Un = Eg+ BTR Ry = 30 + p20" = — 45 Vy 
vhile the integrator tim constant comprises 


t= RC, = 2-100-2.10-~% =4 Sec. 
The unknown time delay will equal 


ty wt, am 4in 


EES din LI? =23Sec. 


SW + 
The circuit will trip without a time delay if, due to assembly error, capacitor 
C is disconnected from triode grid or chassis. Here, triode grid voltage rises 


with a jump to value U,wesc™9 at the moment of triggering (relay ?, trips). 
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EXERCISE I1.8 


/450 


Proportional relationship (11.36) Ususe~fes is obtained when network output 
voltage rises by a linear law while the input pulse is active (i. e., corresponds 
to the initial sector of the exponential curve). But, this requires that 

= Cwarwaee « The amplitude of each output pulse must not depend on the previous 
pulse and the network output voltage during resting times must disappear completely. 


This means tnat condition oc Ata wg Pets oe uae must be satisfied. 


EXERCISE [1.9 


It is possible qualitatively to explain the form of an R-C integrator AChKh 
(Figure 11.18). Capacitor C connected in parallel to circuit output terminals 


1 
is an infinitely-large resistance Neer ee for constant voltage ( U/ = Q). 


Therefore, constant voltage will be transmitted in full (without attenuation) 

to network output, i. e., KX(0i—X(elusne=ie Capacitor resistance decreases vith 
an increase in harmonic input voltage frequency, resulting in output voltage and, 
consequently, AChKh value, drop. Within the range »~»~\,--", i, e., network 
output is shunted for a short time, while output voltage disappears. Therefore, 
the AChKh asymptotically will strive towards zero. 


emt. 


He} 


Figure X.5. R-C Integrator Vector Diagram. 


It is convenient to explain the shape of this network AChKh (Figure II.18c) 


using a vector diagram of the complex amplitudes in the network depicted in Figure 
X.5.# 





“Positive phase angles are computed clockwise in Figure X.5. 
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First, we vill recall that current flowing across a resistance always leads the 
phase in this capacitance by angle oa - Since this particular network includes 
series-connected resistance and capacitance, then the complex amplitude vector 

of the netvork current [I will lead the complex amplitude vector Uss by angle 

aia >a>0 . The magnitude of this angle will depend on the ratio of the active 
and capacitive resistance in the network, so, since the latter will depend on 
frequency, then a=e(e) . Output voltage is picked off capacitance C. Therefore, 
the vector of complex amplitude Usus always will lag behind vector i by angle > . 
As a result, vector Usu: vill lag behind vector U,, by angle $ (0) 4 (e) — > : 
Consequently, output voltage always will lag input voltage in phase (all resultant 
AChKh values ar2 negative). As a result of the infinitely-large capacitive 
resistance, for constant voltage eM = and 6(0)"0 , i. e., there is no phase 
shift. Angle «(s) decreases and the output voltage phase lags more and more behind 
input voltage phese when the frequency increases as a result of the decrease in 
capacitive resistance. Therefore, within the range «+ X,-»0, e(e) > 9 and 


£ 
¥(wyr—az- 
EXERCISE {1.10 /451 


These curves are plotted in Figure X.6 ( wuewe curves corresponding to Figure 


II.21 and the paragraph c problem are depicted by the dotted line). 






i?” 
a ~6 (4) V'e (e) 


Figure X.6. Differentiator Output Voltage Change: 
(a) -- Where 7 Decreases by a Factor of 2; (b) -- Where 7 Increases 
By a Factor of 2; (c) -- Where ‘as: Increases By a Factor of 2. 


547 








Capacitor charging and discharging are faster when time constant 7 decreases, 


resulting in output pulses being clipped accordingly (curve a). 


Capacitor charging and discharging are slower, resulting in output pulses 
being stretched accordingly (curve b), when time constant r decreases, 


Output pulse shape does not change when tases increases, but a pulse corresponding 
to the input pulse droop displaces accordingly (curve c). 


EXERCISE I1.11 


a) These voltage curves are depicted in Figure X.7. Pulses Yous, With a 
vertical porch and exponential droop, amplitude Usus:eU.: , and duration te nux¥3t 


(curves was, in Figure X.7b-d) arise at R-C chopper output when a change in 
Uex, 





Figure X.7. Passage of Changes in Voltage vith Vertical and Slaping Porches 
Across a ctretching R-C Network At Different 7 Vi:lues. 


voltage we: vith a vertical porch is active at its input. In accordance with 
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Figure 11.22, pulses was, vith an exponential porch and droop (curves sears in 


Figure X.7b, c, d) arise when change in voltage sx: with a sloping linear porch 
is active at netvork input. Based on (11.44), we will get: 

where Fale Ung, = O683U,,* (Figure X.7b); t= Mp Uluaz= 8l'r = (Figure X.7¢); 
where #7 =OSty Uli.) = 0.43Ue: (Figure X.7d). 


b) In accordance with (11.31), inequality +t» is the condition for pulse 
. CU 
porch differentiation. However, here, based on (II.44a), we will get —gMb<! . 


Thus, the more precisely the porch is differentiated, the less tne network /452 
output voltage. 


EXERCISE (1.12 


The expression for the complex frequency characteristic for the Figure II.25c 


compensated voltage divider equals: 
Uew 2; 
R (o) = Cen "F+h ’ 


R, R ie zR 
vere fe — ESR re = Tele 

Ri+ Fer 

| 
Ri Te 
2 = EO = GR Tela 1m OR 4 Orr 

Ge 

Therefore, R, /453 
R (we) = zISt 
R Ry 


I + jet, o> [wry 





“The graph in Figure 6b (page 526) may be used for approximate determination 


t 
of exponential function (,-,7 2) for given values * . 
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Where wen (this equates to ratio (11.46)), we will get K (ong const , 
which corresponds to undistorted pulse transmission condition (X1.24). 


EXERCISE 11.13 


a) The Figure III.18 transient networks are Ry. Cy Ree 7 Figure II1.29 


CoRe CR ; Figure VI.5 -- Coe CpRes Figure VI.10 -- all networks 


C,Rp,: CpRp, : 


b) These curves are plotted in Figure X.8. They reflect the process of 


capacitor charging across a resistance and demonstrate that a transient R-C network 
Gen 
so 
0 - 
: t 
ty 
t 


Figure X.8. Constant Voltage Action on an R-C Network, 


does not pass constant voltage (following complete capacitor charging deus = 0). 
Thus, when oulse voltage 18 active, its d-c component will act upon the network. 


Cansequently, vhen pulse voltage is transmitted across a transient R-C network, 


losses vill occur in its d-c component. 
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EXERCISE II.14 


a) These curves are depicted in Figure X.9. A change in input voltaye initial 
level does not impact upon output voltage since this level acts like constant 


Ver 





Figure X.9. Passage Across R-C Network of Single Pulse With U>0 . 


voltage which does not pass to network output. Cepacitor € voltage magnitude 


changes only by magnitude Us, 


b) Output voltage shape under tne given conditions is depicted in Figure 
X.10 and correspends to ratio (11.50). Since t >% , the reduction in output 
pulse tilt is slight but, vhere &, >A, , the capacitor will discharge very slowly 
after the input pulse ceases, resulting in the fact that negative residual voltage 


vill be active at netvork output for a long time. 


EXERCISE 11.15 
a) The output voltage 2f toth a linear and a nonlinear transient R-C network 


remains unchanged, given any chenges in initial level, i. e., of the input voltage 
d-c component. This is because d-c component lim , regardless of its magnitude 
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Figure X.10. Passage Across Transient R-C Network of 
Single Pulse Where Ry<Rp ts Dts. 


and sign, is always balanced in the steady-state mode by the voltage in the /455 
network blocking capacitor. 


b) Since Ususe—8Uc, in any case it is possible to blank a tube with respect 
to dynamic bias only given positive input pulse polarity. Here, in accordance 
with (11.54), it is necessary when a linear transient network is used for aad = 


Csr: Ep! . In accordance vith (11.55), it is necessary when a nonlinear 
’ 1 
teat 
a 





netvork is used that —Unr>lEge} + Since ta vie y then the 


+} 


minimum input pulse amplitude required to satisfy this condition will be obtained 
when 4,< 8 . However, in any event, inequality l'sx>1&gol must be satisfied. 


EXERCISE 11.16 


These voltage curves are depicted in Figure X.l1. The triode is unulanked 
prior to the beginning of input pulse action in the circuit with a laop connected 
to the plate netvork and its plate current also flows completely across inductance 
L in the direction from +e Since coil resistance is sliaht, there essentially 
is no voltage drop acrass the loap and Wewew£,. When pulse u,, arrives, its 
porch blanks the triode and loop shock excitation occurs. Since current i initially 
retains its direction, it charges capacitor C, passing across it “from below upwards" 
and increasing the potential of its “lower” plate. Therefore, the first half-cycle 
of output voltage oscillations is positive. In sccordance with the cendition, 
while the sulse is active oscillations are damped completely, until cessation 


of pulse Uews = E, (triode blanked). The pulse «, C¢roop agains unblanks the 
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Figure 4.11. Voltage Curves in Shock Excitation Circuits: 
(a) -- With loop connected to the plate network; (b) -- With loop 
connected to the cathode network, 


triode and excites the loop with a positive plate current change. Since current 
in the inductance may not rise instantaneously, plate current initially passes 
completely cross capacitor C in the direction "from above downwards.” Therefore, 
the first half-cycle of output voltage oscillacions is negative (plate potential 
Arising oscillations are damped somewhat more rapidly 


drops when current i, rises). 
Thus, 


due to the slight shunting af the loop by high triode internal resistance. 
output voltage vill retain the d-c component equalling Es while the polarity 
of its first half-cycle is opposite in polarity to the input voltage change. 

we also vill note that the maximum ney, value significantly nay exceed level +: 


Prior to the beginning of pulse action, current i, completely passes across 
the inductance in the direction from cathode to "ground" in the circuit with loop 
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connected to the cathode network. Here, «u,= 0. The triode is blanked when 


pulse we porch is active. Current ip initially retains its direction and charges 


capacitor C, decreasing the potential of its "upper" plate. Therefore, the first 
half-cycle of output voltage oscillations vill be negative. The capacitor immediately 
begins to charge with plate current vhen the input pulse droop unblanks the triode 
and the output voltage "bump" udeurseue vill be positive. No oscillations will 
arise here because of powerful loop shunting by slight cathode network output 


resistance. 


EXERCISE I1.17 


Current steps in a network containing an inductance physically are impossibie 
(see Attachment 2). Hovever, current steps in each of the windings of an IT [pulse 
transformer] with slight leakage inductances are possible if only the difference 
in these steps, computed for one of the windings and, in accordance with (11.65), 
equalling the magnetization current iy change, equals zero. Actually, since the 
magnet ization current W, =ly -- itself determines overall IT magnetic fieid energy 
where ,,<1,:;20 , then only steps of this current are impracticable. Steps of 
currents 1) and is are possible, but must occur simultaneously and be coupled 
in such a way that if a current iy change accomplishes additional IT core magne- 
tization, ther a current iy change correspondingly must demagnetize it (or vice 


versa). 
EXERCISE [11.1 


a) We will assume that grid voltage Ug = 0. Here, plate current 1, for 
a given Us value passes across the tube (for example, see points 6,4 in Figure 
II1.3). There are tvo ways to reduce plate current to zero, i. e., to change 
it by magnitude al, 7 I, -- Oz I: either by decreasing plate voltage to zero, 
i. e., by changing it by magnitude au, = Ue -- 0: Us or by reducing grid voltage 
to the triode hlanking level, i. e., changing it by magnitude au = 0 -- X G0 = “Fag: 
Therefore, 1n accordance with triode gain determination (III.15), we vill get 


poten te, 
aly vr 


b) Triode internal resistance to alternating current at points a, b, and 
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e (in Figure III.39) is approximately identical since plate transconductance /457 


at these points is virtually identical and equals 
atts = 2 55:10 = 12.5 kilohms. 
NaS, Ss Ose 


; F U 
Triode interral resistance to direct current Rie o> equals 


125.10-3 


eo Re Tg 





= 8.7 kilohms CR, for point a; s—R,=- 1 = 15.6 kilohms 


> Re for point |); #— Rye ete = 52 kilohm >R, for point c. 


Thus, when crid voltage U_ changes from +4 to -4 V, Re = const, while value 


Rig rises approximately by a factor of 6. 


c) The greater (all other conditions being equal) the triode plate voltage, 
i. e., plate acc2lerating field, the more eiectrons that will pass through grid 
to plate and, coisequently, the fever of them that will be "intercepted" by the 
grid, i. e., participate in formation of grid current iy: Therefore, the greater 


the voltage Us» the "lover" the grid characteristic will pass. 


EXERCISE III.2 


a) Sereen grid current ing in a pentode may equal zero only in the event 
the pentode is blanked with respect to cathode current by negative bias in the 
teed, ; ‘ : ‘ 
control grid (ux EGo1)* If Ug, > Ego? current ig2 must exist since U52 > 0 
and the screen grid alvays "intercepts" some of the electrons passing icross grid 
93): The ratio of voltages Ys and U, only influences the magnitude of this current. 


b) If voltage Ug3 is supplied to suppressor grid when U. >0, then the 
accelerating action of the fiela betveer plate and this grid increases; therefore, 
it is impossicle for secondary eleclron. discharged from plate to hit grid 93 


and, conmsequentl,, there is no dynatron effect. 
c) The app‘opriate cathode current change i, = i, + 142 explains the relative 
position of current 1, and 192 characteristics in Figure II1.6 for various Vor 


values (U. <0 ind U', = 0). The speed of electrons flying off grid g., increases 
gl gl 2 


with a voltage Vea increase and a more powerful braking action on the part of 
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grid 93 is required for these Ful return og ae orsds Therefore, blanking voltage 
E503 rises in magnitude: Estas when uN, > 45, 


EXCERCISE [11.3 


a) A positive plate current pulse arises when a positive pulse is active 
in the Figure III.7 and I1I.9 circuits. Here, voltcge us ES - ink, will decrease, 
vhile voitage «a=. will rise. Consequently, a negative-polarity pulse vill 
be obtained from the plate outputs of these circuits, while a positive-polarity 


pulse vill be obtained from the cathode outputs. 


A pulse of increased amplitude may be obtained in the Figure III.7 circuit 
from the plate output if, based upon (III.28), Rye ee, 


of decreased amplitude alvays will be obtained from the cathode output, in accordance 


with (111.32) or (1T1.34). 


» wnile a pulse 


a— | 


Based on (111.36) and (111.37), a pulse of increased amplitude may be obtained 


in the Figure 111.9 circuit from the plate output (where R, >the \ and from 


the cathoce output ivhere Ry> Mae +s ), 


Cathode potential vill rise in the grounded-grid circuit (Figure III.10) 
vbin a positive pulse is active and, since voltage 4e=s—4., plate current /458 
will decrease, Here, plate voltage vill rise, i. e., a pulse also of positive 
polarity arises at cutput. The amplitude of this pulse vill be greater than at 
input if Ry> a in aecorcance with (111.39). 
b) There is no negative feecbsck in the Figure [11.9 circuit Ys~ = “er~! 


and resistances fe only decreases the plate curren: value. Therefure, 








7 suena and, consequently, 
a> My Me rae Pow 2y 
Se, 8 a7 7 aR, 
a tee dere Mat Rick’ 
of See 1%. wPy 
re TT ae) at ee 
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EXERCISE II1.4 


a) These graphs are depicted in Figure X.12. The Ug values used extend 


beyond the bouncaries of the cnaracteristic A'A" linear sector when input pulses 





Figure X.1z. for Explanation of Plate Grid Amplifier Operation, 


with an amplitude increased by a factor of 2 relative to the Figure [11.12 amplitude 
ace active. As a result, nonlinezr distortions of the shape of current i, and 
ve.tage uy Quises arise. Since Css >i=,,—&%', then the tube turns out to be blanked 
vnen a negative pulse porch 1s active. in the UGS eGo region, 1. @., in the interval 
petveen moments 2 ani 3. In this interval, i, = 0 and, in accocdance vith (III.21), 
glate voltage attains maximum eccssibie value U.sweee= C. “ube dynamic saturation 
gecurs when a pos.tive pulse is active in the regicn UgaUg: il. e., in the interval 
DRE sO .OASS te and tl. In this interval, current L, attains maximum value /459 
Feaeeee 5. » voile plate voltage is aanimal and, in accordance with (II1.21), 
equals On eh a ihus, there is negative pulse clipping due to lover plate 
curcent cutoff (tube blanking! and positive pulse clipping due to upper plate 


currort cutorf {tube dynamic saturaticn) when input pulse amplituce increases. 


b) 9135 voltage E_ should be increased, the operating point having been 
ge kG 9 9 


ate 


spafted to point A’, when only positive pulses are amplified. Im this case, the 
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amplitude of the pulse during which mo nonlinear distortions have yet occurred 

vill be maximum and equal the projection of the entire ser.cor A'A" to the X-axis. 
819s voltage should be decreased in magnitude (aperatin~ point shift iu point 

A"; for the identical circumstances uhen only positive volarity pulses are amplified. 


c) In order to obtain only the a-c plate voltage coxponent at stage output, 


this voltage must be picked off across the transient R-C network. 


EXERCISE II1.5 


a) For any current i, value, u, = E. when RS = QO. Therefore, a vertical 


line passing through point us = E of the X-axis depicts the dynamic plate 





' 
Figure X.13. Pentode Dynamic Characteristic (Ry = 2k): 


? ® 
characteristic. (This also follows from the fact that esate p—= >) unen Hs 
= 0). The cyramic transfer characteristic coincides vith the static transfer 


characteristic for value us, = fs 


R 


b, Pentsde dynamic charsctoricthies for R aR are platted in Ficure X.13 


3 
(the dotted line depicts characteristics corresponding to the previous RS value 


an Figure l.i.l3c, d). The load line 1s fiatter (segment 05" = =a is less by a 
a 


. : ' 
factor of 2 tran cejtert ‘Se Es » arcle sx & are 'y 2° cammensurately is decreased). 
@ a . 
Thetotsre, maxameum curcon. 4, and minimum voltage “sun ave decreased and 
' 
pentode dynaai. saturation Cegins at less voltage Unt = +3 V (point ¢°. This 


13 o*pleined physically by tre fact that, yiven a resistance R increase, the 
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voltage drop across it rises for the identical current 1, values, aS a result 
of which plate voltage decreases and, when there is an increase in control /460 
grid voltage, redistribution of cathode current between plate and screen grid 


begins, given a lesser Un value. 


The dynamic transfer characteristic begins from the same point A' (resistance 
RS magnitude does not affect blanking voltage), vhile its transconductance decreases, 


vhnich also follovs from ratio (III.46). 


EXERCISE IL1.6 


a) Presenting expression (111.49) considering (III.19) in the form K = 
SRq : . 
~TF%R,R «and considering that, for a pentode, the values of transconductance 
S and internal resistance to alternating current R are greater than for a triode, 


we will see that the greatest gain will result when a pentode is used. 


The influence of the total stray capacitance of the circuit Ca*CortCoury 
where capacitances Ce. and C.usare determined in accordance vith (111.56), cause 
the high-frequency pulse distortions. Capecitances Cag and Ce are significantly 
lass for a pentode than for a triode due ta presence af screen and suppressor 
grids. Therefore, there are fever high-frequency distortions when a pentode is 
used. The influence of the transient R-C netvork causes low-frequency distortions 


and essentially they do not depend on tube parameters. 


b) In accordance vith (111.49), amplification must become maximum (K = -{ ) 
where Ro = @o. Realistically, in this case the tube plate currant network will 


be blanked, no plate voltage vill be supplied to the tube me = G), and, consequently, 
K = 0. 


In accordance vith ({11.21), uhen Re = QO, paate voltage vill rise to supply 


scurce voltage u, = E_ = const and, consequently, as vas the case in the previous 


a 
example, ve vill get K = 0. The plate voltage rise in this event will lead also 


to an increase in the plate current d-c component, i. e., of pover dissipated 


in the plate. Asa result, the tube may malfinction que to electroce overheating. 
c) The output voltage of an amplifying stage with a plate load changes opposite 
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in phase with input voltage. Consequently, when negative pulses are supplied 
to the three-stage amplifier input, they will be inverted three times and positive- 
polarity pulses will be obtained at amplifier output. 


EXERCISE [11.7 


a) @B8reakdovn capacitor c, in the self-bias cell briefly shunts resistance 
R, . Since there vill be no voltage drop across this resistance, negative bits 
in the control grid will disappear (U, zs ~-U. = 0) Asa result, the plate current 
d=-c component vill rise and the plate voltage d-c component will decrease. Here, 
the stage vill convert to the dynamic saturation mode (for a pentode) or will 
approximate it (for a triode). Displacement of the operating point tao the region 
of the upper "bend" in the dynamic transfer characteristic vill lead to a decrease 


in gain and onset of nonlinear distortions. 


In addition, control grid current i gl vill arise vhen ue ee Q, which will 
be accompanied by a rise in pover umeed in the tube input ne.work and additional 
nonlinear distortions due to the vultage drop across the output resistance of 
the input signal source. The rise in the plate current d-c component may lead 


to a tube malfunction due to overeating of its electrodes. 


b) A tube may be blanked (EQ< E Ge? only vith the aid of self- or dynamic 
hias (im the lotter case, only upon arrival cf positive input pulses of sufficiently 
great amolitucs). Tube self-blanking with the aid of self-bias physically is 
impossible since all currents in a tube vould cease when it blanks and, therefore, 


Pye mts alls tli Ryn, i. es, the reason for its blanking would disappear. 


c) Given a slight relative ceduction in capacitor Ce» voltage, its /46) 


=e 


disemarge during pulse tire ft muck ceeur by an essentially linear lav. Therefore 
3 P Y ’ 
{XI 


using the first ratio .18), where fete, Xref » Ve will get swe A,— 


( i to" t. . 3 Et. 
Mo wna % Eqns Eg! i em iE 4g HENCE tyigy Caio t Rol OF CO* TTR Ry 
tyee.qen 
a Breeca ’ ‘ = 
Conseguontiy, Cy> See 2,000 oF” 


d) As usual, considerin3 that capacitor ©, discharge with current i, while 
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: : : . au 
the pulse is active occurs by a linear law, ve may write «= — y ie Gey 
1,=2C oes hence: Cpe Go oe ee Gg lo uf 
Ey ’ Oe SS TBS woo 


During resting time, capacitor C, must succeed in charging to voltage E.- 


Assuming on the basis of the second condition (III.60) tsup=C.R, = J (Ty = tn) 


we vill get = ge = 5 kilohms. 


EXERCISE III.8 


a) Tube plate current may flow across resistance *. only in one direction, 
from cathode to circuit chassis. Therefore, voltage «= >" for an unblanked 
tube and w=0 for a blanked tube, but it may never be negative. 


b) Tube self-blanking with voltage drop l.. created by its plate quiescent 
current physically is impossible (see Exercise III.7). Therefore, the tube may 
be brought as close as desired to the cut-off area by increasing resistance Ra, 


but alvayS Ly,w—lise>Ege © 


c) Capacitor Rs shunting of resistance C. will not alter the stage operating 
mode vith respect to d-c: the d-c component of current i, as usual will pass 
across resistance , creating voltage drop Csuw=—Ugein it. However, when input 
voltage is active, the current a-c component, just as in the self-bias cell, will 
C10se across capacitor C.. Therefore, no output signal arises: Wee Hayy = 0. 


There vill be no negative a-c component feedback: uy =ug~ 


EXERCISE [11.9 


a) In accordance with Figure III.23, the representative point for a cathode 
follover vill not leave the boundaries of the essentially linear sector of dynamic 


characteristic A,A, if input voltage changes in the range ily._ tUermere t+! Corwen « 
- & 


For a plate-load amplifier 4. = 4s. and a significantly lesser range of changes 


Meza *AU ga #1 Use mn! Correspcnds to the identical sectcr of the characteristic. 


Sout. AUns st), It also follows from 
en 


Using (111.34), ve vill get == ila 
slat t' 
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from this that, given an identical range of input voltage changes, the sector 


of “he dynamic characteristic used in a cathode follover will be shorter by a 





1 
factor of T= and, consequently, (given proper operating point selection), 
more linear than in a plate-load amplifier. 


b) This plot is shovn in Figure X.14, where the Figure I1I.23 plot for the 


previous Rk value ( CL, 1 Usswexc ANG Larwes ) is repeated as a dotted line 


ao’ 





Figure X.14, For Explanation of Cathode Follower Operation 
When Resistance FPal®y>Re} Is Increased. 


for comparision purposes. Dynamic transfer characteristic tramsconcuctance, in 
accordance with (111.65), decreases somewhat when resistance & (&,>s! is increased 
(usually Re <R. ), while feedforvards, in accordance with (1J1.67), are flatter 
(X'<@), Therefore, operating point A, will shift "dourvards" along the 
dynamic characteristic, i. e., negative bias Ugae will rise vith respect to 
magnitude, while quiescent current Ae will decrease. Value Usswes vill decrease 
with respect to sagnituce, vhile value (...... vill rise. This makes it possible 
to transmit across the catiicde follower positive pulses of greater amplitude, 
without entering the region Wga>Q . The maximum resistance &. magnitude is 
clipped by the approach of the cperating point to the regicn of the lover dynemic 
characteristic bend, 


EXERCISE LIL.10 


a) Having divided the numerator and dencminator of expressions (III.68) 
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and (111.69) by the product 2. , ve vill get: 
1 


tos Ss . 
Kua = TR TRS: Reus. en = PRESTR AT Pa 





Figure X.15. Equivalent Cathode Follover Circuit With Current Generator. 


The equivalent cathode follower circuit depicted in Figure X.15 also corresponds 


to these expressions. 


b) There is no break in curves dea and uw, at moment ty, in Figure II1I.26 
for tvo reasons. First, at interval tyonts when the tube is blanked, capacitance 
Cuus vill strive to discharge across resistance & to zero (vhere i, = 0, we 
= G); after the tube unblanks (t > ty), discharge of this capacitance occurs, 
even trough across lesser resistance Peure , but only to voltage UsewleR « 
Second, from the moment of tube unblanking, transconductance S rises, while resistance 
Rece on = + decreases only gradually due to operating point displacement to the 


linear sector of the characteristic. 


EXERCISE L1I.11 /463 
i 
Operation of the Figure II1.27a circuit is explained in Figure X.léa. We i 
will get Uggs = y+ 4,.— ke vhen positive bias E_ is supplied, hence the feedforward { 
Eyre Uys ae “pa f 


equation (111.66) vill be written in the form la=——z oe, + CTherefore, 


Dias line O {straight line for value user- = 0) intersects on the X-axis se,nent 


Uy =£_, i. es, is located to the right cf the bias line for E = 0 (deited 
line). As a result, operating point A, shifts "upvards" along dynamic characteristic 
D, i. @., auiescent current 15 rises. Values L'sewese ANd Usewensy Which are 
constrained by lines 1 and 2 and whici: are computed relative to bias E_, determine 
the dynamic range. All lines are sioped to the same angle pe arctege The plot 


for the Figure I1I.27b circuit is completely analogous. Gain for both circuits 


I 
equals Ky Pelee . 


mT Wr ee ee eee 
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Figure X.16. for Explanation of Cathode Follower Circuit Variants. 


Cperation of the Figure I!1.27c circuit is explained in Figure X.16b. Self-bias 
for this circuit is cbtaired only at resistance Ra. Therefore, bias line 0 
passes throuch the origin of the coordinates and is sloped at angle ¢ =a tz ze . 
This line also ceternines operating paojnt AG position. The asc component /464 
of the feedback voltage arises only at resistance &,, when input voltage is active. 


Therefure, stage operation with respect to the a-c component is characterized 





by Feedforwardcs sloped at angle 1 = arctz RNA - The line indicated by the dots 
pasces through the operating point and is slaped at angle Cy". It intersects 

on the X-axis the segment equalling E: This signifies that the position of the 
operating point would be the same as if cutside bias E.| &O is intreduced into 

the circunt vith respect to cne of the previous ariancs in place of self-bias. 
Values :,. can OND Lie vg, 3F2 CONStrained by lines 1 and 2 and are cc~puted relative 
La magnitude c.. Circuit gain equals 


! 


Baa = Tel a 


The Figure [11.27d circuit is plotted in the same manner. But, since feedbs - 


voltage 1s picked off in tnis circuit rrom beth resistances &s and Fu , 


26a 





gat ele LE 


pike Jarra eects, 


peter ge Re wee te 





I 
feedforvards are sloped at angle * = "7 RT For this reason, stage gain 
equals 


1 
Kea ~ 1+ LSiRes tT Rad : 


EXERCISE III.12 


When equality (II1.76a) is satisfied, in accordance with (III.75), stage 


gains will be equal in magnitude and opposite in sign 4. = -K,2 = K. Consequently, 





Figure X.17. Difference Circuit Equivalent Circuit. 


negative voltage «=—Xu,,, arises at the first stage cathode output when negative- 
polarity input voltages are active, while positive voltage e~Kuess arises at 
second stage plate output. fepresenting triodes Ly and Lo with emf generators 

ey and ay with internal resistances Rey and Ri ve will get the equivalent circuit 
for an a-c component device cepicted in Figure X.17. Differing polarities of 

ent e) and e, are reoresented in this circuit by their opposites in phase relative 
to “ground,” i. e., matched connection. Therefore, current i passing acress divider 


Pi, Rey Ro vill 2qual 


i 


t= 6, 


ieee. __ , 
Rit Rar y+ eat Mis 


We will asuume that the circuit is compl.tely symmetrical, i. e., Ry = Rios 
ia 7 Ros and the potentiometer #”. arm is s.° strictly in the middle position. 


Then, 2xamining the loop: generator e)--resistance Ry --potentiometer arman 
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5 en ener: 


Pama nt ia. 


} 
1 
{ 
' 
\ 
: 
i 
i 





circuit output terminels--resistance Ri in accordance with Kirchhoff's second 


law ve will get 


R. 
€, = iR, +i a, + Usus t Riv 


Lot nee eee URES eR ee = 
ci a ee 





hence 
j 
te. $6) (R + Ry + Ae) 
“a, =e ~(R +R F fr) ee ee ie 
. 2 Rit Rat Rit Rir Ry * 
or, where /465 i : 
C$ ty mes 
Ro 2Ry Ro =R, Ua =O. To = ‘ 
2 : 
\ 
Therefcre, 
ue | 
Won = K PES 332 


S Series ee 


The relationship of gain KY to generator resistance #% 1s explained by the 
fact that a vo.tage drop across this resistance is created due to input current, 


white the voltage drop across transistor :rput cecreases. 
EXERCISE lil.1s 


Emitter current is input current in a commun-oase amolifier. But, base current, ‘ 
comprising a small portion of the emitter current, 15 input current for a common- 
emitter amolifier. This current flows across the signal scurce and transistor 
input netvork. Consequently, 1t is possible to use a source vith a greater intesnal 


resistance than in a common-base amplifier. 


Connection of resistence to an emitter netvark leads to appearance of negative ; 
feecback, resulting in a decrease in input current magnitude, i. e., input resistance 


rises. 


566 








ee ee 
om ¥ 


an a LTC IL TE ELT TTA, 


EXERCISE IL1.15 


It is evident from Figure III.44 that transistor th collector current equals 


Hana , while base current equals ‘:sesti—a), But, transistor n base 


current 1s input current for transistor ', and, therefore, its collector current 


feymic tymtag(l spray. 


Output current equals the sum of the collector currents: 


i = i= : _ :. 
Some Scr Ph faa = yg 8) Fa, 


Hence, current gain 


a= Yt ay + es — ete 
at 


EXERCISE 11.16 


Current gein nagnituce + = 0.99996 is determired from formula (111.129). 


Further, ve determine input resistance magnitude from formula (1%i.125) 


Re = 2.5 meyohms. 


l—a 


Rex. oa = 
CXESCiSt LLl.17 
Transistors PlS and P103 eet the sticulatea conditions. 
ESCO ITE T1118 


l. The load line will be plotted in the collector characteristic family: 


cr 
eel, aah eae Eg =D. 
« « x . f « 2 


2. The operatang point position is determined by the intersection of tne 


load line and stat:s: tellector characteristic, corresponding te dias current 








Initial collector voltage Un = -5 V corresponds to the operating point ,'446 


where temperature is 20° C and is t,, = -4.3 V at an irsreased temperature. 


3. Intersection of the load line vith the criticality line determines minimal 


collector voltage ~..: Cowen = 91.2 Ve 


4. Maximum positive pulse amplitude at output where t = 20° C equals 


Unt Up — Unum = 3.8 Ve 


Pulse amplitude shere t = 30° C equals 


Uy = Cw Cewan = 3.1 Vi, 


5. The change in amplitude with a change in temperature comprises 


Ie CSS Gye OT Yi 


EXERCISE IV.1 


These . ltage curves are depicted in Figure X.13. 





Figure X.13. Zero Lever Clamp Gperation Given 
Negative Input Voltaye Initial Level. 


Tot eae TN -ee 


| 
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EXERCISE IV.2 


These curves ire depicted in Fisere X.19. 


Usx 
5 Vex ; 
Yax<d 
Ue 
é Vex - 
Uns Vex 


Y te 


Figure X.19, Zero Upper Clamp Operation Given 
Action of Positive Pulses With Usa<0 . 


3) These curves are o2picted in Figure X.20. 


Cexh 
a} 





Figure X.z0. Lover Positive Clamp Cpertticn uiven 
Action of “egqative Pulses With Used . 
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b) <A negative lover clamp is depicted in Figure IV.lla, 2 positive upper 


clamp in Figure [V.llb, and a negative upper clamp ‘n Figure IV.I1lc. 
EsERCISE IV.4 


This circuit is depicted in Figure X.21. Residual voltage Ug: epplied vith 


a "minus" to CRT control electrode arises in capacitor Ci when posit:ve intensifier 





Fagure s.cl. For Exercise IV.4. (a) <= Parapiase 
sveep amplifies; (bj) <- Intensiafier pulse oenerator. 
Purses Mloy secocg trungient netyork C,,. As a result, cyerp trigntness sill 
Ceerease. A zera lover clung, diode along with voitage source &. , which 


’ 
Suclies cveso brightness, diode 0, forns a negative lover clamp), should be connected 


) 
4 

IN 3rver La unsure cotplete capacitor CT @yscharje CGurarng cestaung times betveen 

intensities J alaeg amd trerep. to stabilize csaeep brignttress. Residuai voltage 

Vesa iopined ecco "pila te: Ses paithe “ye ticer an capacitor C, wren negative 

eagtaenn culses of voltage «) Slov accoss transient netvork €4°,. “osicuai voitege 

Me s3? a 


acoliod vith a “mamus” to sight plate ¢ gr.ise3 in cameitor Cy when pourtive 
Ss 


Abvtocth puioes of voltage ap. Flos geress transisns netvorsx CaN se Ac a result, 


the sau lane sa the OCT streen ail! “tg the Lert, A sero upeer clemp, 
G:od) U4, uMculs de Contented to retsorx Cc. utput, vhile a sera lever clamp, 
- oa 


digits 0, ‘along vith bias sousce fe. supplying cveep srigin froma the left ecge 
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of the screen, diude D, forms a negative lower clamp), should be connected to 
the network CSR output to stabilize the sweep position with respect to the 
horizontal. 


Unstable residual voltage Uoou applied with a "minus” to upper plate Yy arises 
in capacitor cy when positive target video pulses ere flow across transient 
network CAR, - As a result, the sweep line will shift downwards from the CRT -~ 
horizontal diameter. A zero lower clamp, diode Das should be added to stabilize 


the sweep position with respect to the vertical. 


EXERCISE V.1 


a) It follows from examination of the characteristics depicted in Figure 
V.3 that displacement of the characteristic along the X-axis corresponds to a 
change in clipping thresnold & , while displacement of the characteristic along 


the Y-axis corresponds to a change in clipping level Uo: 


b) The characteristics and curves of the input and output voltages for the 


given limiter types are shown in Figure X.22. 


EXERCiSE V.2 


a) In the Figure V.7 limiter circuit, the diode is unblanked when 4:<0 , 
with <.s:-e (transfer mode); the diode is blanked when 4%:>0, vith us 0 
(limiting mode). Consequently, the circuit sets an upper bound with a zero /469 
clipping threshold and level E,=0,~0 (Figure V.la). 


For the Figure V.7b ‘timiter circuit, the diode is unblanked vhen uat+éco, 
Mes<—éE , here Usurwus, 3 the diode is blanked when uit+E>0, here 
fonsequently, the circuit sets an upper bound with negative and equal 


ie Gey 
Nuun w—E 


clipping threshold and level E,eU,2-€ (Figure V.1d). 


For the Figure V.7c limiter circuit, the diode is unblanked vhen u.—f<0, 
le Gey ve<E , here Ueusmusey—£3 the diode is blanked when u%:r—£>0, here 
Yeus=9 . Consequently, the circuit sets an upper bound with positive clipping 


threshold Ze=-£ and zero level Teo (Figure V.Ic). 
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Figure X.22. Limiter Input (Sinusoidal) and Output Voltage Characteristics 
and Curves: (a) -= Upper where & ~-& = 0; (b) -=- Upper 
wnere & <0, 5, = 0; (c) -- Lower where £,-u,>0¢} 
(d) -- "External" clipper-limiter where &, <0. g,>0 Geu, = 0. 


For the Figure V.7d limiter circuit, the diode is unblanked when ts—E<o , 
ie Ge, Mer<£ , Here wewssuer; the diode is blanked when 4c—£&>0, here 
“ous ™£ . Consequently, the circuit sets an upper bound with negative and equal 


clipping threshold and level &.eU,£ (Figure V.1b). 


b) The curves dapicted in Figure V.8 correspond to an upper bound with zero 
clipping threshold and negative clipping level. We will get the corresponding 
limiter circuit for the following reasons. A lower bound with threshold ¢,e9 requires 
that the diode be connected so that it would conduct when ~- «>= and be blanked 
when w,e«, But, this requires that no external bias must act upon the /470 
f.ode. On the other hand, negative (relative to "ground") bias source &,=l, 
must be connected tr the limiter output network to abtain &:<9 . cqual bias 
of opposite polarity £4 : - must compensate for the action of this source so 
that it does not disrupt the clipping threshold. Bias source ES must not be part 
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Figure X.23. Series Diode Lower Limiter Circuit (&e=0: U,e—£,). 


or the limiter output network so as not to influence the clipping level. A limiter 


c..reuit with these properzies is depicted in Figure X.23. 


EXERCISE \.3 


Diode Oo» in the Figure V.¥b limiter circuit is unblanked when war Db s 
Cansequent ty, the circuit branch with diode Dy and bias source ey sets a lower 
bound with positive threshold EveE£,, Diode 0, is unblanked when «eas<—Ff; . 
Consequently, the circuit branch with diode Dd, and bias source ES sets an upper 
baund with negative threshold £E,e—£,. Since E.<Es, then, "external" clipping 
vill occur as a result. As long as input voltage varies within the range a= 
E>Ues>Eee —£, , Doth diodes will be blanked and, since bias sources are not included 
in the limiter output network, Uy 20 + Consequently, the overall clipping 


level equals Usela=0 . The action of this type limiter corresponds to Figure 


\.lo. 


EXERCISE V.4 


For tne Figure V.l2a limiter circuit, the diode is blanked (transfer mode) 


shen wee<E . Here “uwsmues~£ = Output voltage decreases by magnitude E. 


\ bound will be set wher. the diode unblanks, i. e., when uee>E. Here “aue@0 


‘the bias source will nut be included in the output network), Consequently, the 
circuit vill set an upper bound with positive clipping thresnold F,=/£ and zero 


clipping level Cyeo (Figure V.1lc). 


ruc the Figure V.12b limiter circuit, the diode is blanked (transfer mode) 
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when 46> . Here “euswue: (the bias source is cut out from blanked diode output 
and does not impact upon magnitude ues: ). A bound will be set when the diode 
unblanks, i. e., when wex<E . Here tw @E . Consequently, the circuit sets 

a "lower" bound with a positive clipping threshold and level &e=¢.=& (Figure 


V.1g). 


For the Figure V.12c circuit, bath diades will be blanked (transfer made) 
as long as) E,>uer>&,. Here Yeureiss. When uss>F, , diode Dd, unblanks and 
4,278 > = (scurre ES is cut out by blanked diode 0.). When wick, , diode Cy 
unblanks and dy, 2&<0 (source E, is cut out by blanked diode D,). Thus, the 
circuit sets an "external" bilateral bound: "upper" with positive threshold and 
level E,=tpeE£,>0; "lower" with negative threshold and level £s=l,=6,<0 (Figure 
V.1k). 


EXERCISE V.5 /471 
a’ These limiter and clamp circuits are depicted in Figure X.24. In spite 


of the seeming similarity of these circuits, they have the following major dif- 
ferences. First, the limiter circuit must contain limiting resistance Ro /471 





Figure X.24. Parallel Upper Diode Limiter Circuit With Positive Clipping 
Threshold and Level (a) and Positive Upper Clamp Circuit (b) 
When Connected to Transient R-C Networks. 


R. iR,>R,), which are absent in the clamp circuit. Second, bias E in whe limiter 
circuit is applied to the diode and thereby changes value ws. at which the diode 
unblanks, i. e., determines clipping threshold E,-E; bias E in the clamp 
circuit does not impact upon diode operation (the source E "minus" is separated 
from the capacitor ¢, diode plate) and supplies only clamped level Usureé. 
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b) A comparison of series and parallel diode limiter properties is presented 
in Table 3. 


Tale 3 





Diode Limiter Type 
Comparism Criteria 








Series Parallel 
Cirouit Characteristic Features Diode connected in series Diode cormected parallel 
with the load with the load: Limiting 
resistance Ry present 
When Will Limiting Ocour When diode is blarked When diode is urblarked 
Limiting Quality Strict Not strict 
Basic Ratios in the Circuit and whet 
They Provide Ru >R, — improved Ro >R, — improved 
transfer mode (K increase) Limiting mode (K' decrease) 
Ry > BR —— improved 


transfer mode (K increase) 





c) DOiode limiter circuits considering input voltage generator internal 
resistances and bias source , are depicted in Figure X.25. 





(@) 


Figure ~4.° . For Consideration of Generator Internal Resistances 
R, and ?’*3 Sourc? Rs, Impact Upon Diode Limitcr Operation. 


For the series limiter (Figure X.25a), resistance &, reduces voltage Meus 


and the differential transfer constant in the transfer mode. Actually, considering 


Re , 2xpression (V.1) must be written in the form deus = iRy = Ra T Re and 
8 
condition (V.2), insuring that K = 1, in the form R«a»R,rR.. Resistance 
R, may be computed as part of load resistance ® and only facilitates satisfaction 


of condition (V.2). 
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For the parallel) limiter (Figure X.25b), resistance & may be considered 

in limiting resistance Ry and only facilitates satisfaction of condition (V.8) 
R,» R, , whien increases limiting strictness. Resistance &, in the limiting 
made is added to unblanked diode resistance 8, and thereby limiting strictness 


deteriorates. 


Consequently, it is more advantageous to connect series diode limiters to 
a circuit with slight output resistance & . Here, it is possible to include 
in them bias sources with great internal resistance 2. Parallel diode limiters 
may be connected to circuits with great resistance &, and resistance &, for 


them nust be as small as oossible. 


EXERCISE V.6 


It follows from examination of the Figure V.14 curves that distortions in 
pulse shape caused by the influence of stray capacitances will be absent at a 


series diode limiter output, given condition 3U,,,= L's cata ew . However, 
such an ideal result may be obtained only where &=0 (see Chapter II, § 4). 


EXERCISE V.7 


Diodes dD) are limiting and diodes Dd, are compensating in all Figure V.17 


circuits. Since dual diodes are used in the circuits, the characteristics of 


the limiting and compensating diodes in each circw't are identical and shift in 
an essentially identical manner during changes in filament voltage or during tube 


replacement or aging (fa, = en). An upper series diode limiter with positive 


clipping threshold and level E.=%,<£>0 is depicted in Figure V.l7a. As long as 


diode D, is blanked (wex>&}, diode D, initial current creates across resistance 
R voltage drop Useless £,. applied vith a "minus" to diode D) plate, i. e., 


compensating action of "bias" ¢,, (diode dD) characteristic shift). 


A lover series dicde limiter with positive clipping threshold and level /475 
fawliat>5 is depicted in Figure V.17b. Bias source E supplies value Exel, 


across diode Do. This diode's current {wer<£) , given blanked diode Os creates 
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acrcss resistance R, voltage drop Us=/k,=£+£an* applied with a "minus" to 
diode Dy plate. Voltage Es. is created due to diode Dd, initial current 142 and 


corpensates for the action of "bias” fm. 


An upper series diode limiter with positive clipping threshold and level 
£e=U.2250 is depicted in Figure V.17c. The voltage drop across diode 0, and 
resist ance Ro arising due to diode Dd, current flow determines value E and it equals 


eel ee Ry ) Ry gg RR = 
(£4 “Roe Ry | Rye Ry OR RR = Re 


In addition, due to diode do, initial current 142° negative voltage 


roar) Rae = bm (where R, > Rs), which compensates for the action of "bias" 


Ea » 





EXERCISE V.8 


An upper parallel diode limiter circus. with positive clipping threshold 


and level =.+(s-£ is deoicted in Figure V.20a. Voltage 4, at the transient 


netuork output in the steady-state mode will i ave negative initial level 
“a= —t/, due to residual coupiing capacitor C, voltage shen Figure V.20b 


Os 
voltage is supplied to the transient R-L network. Dynenic bias magnitude vill 


RR 
be determined from (11.50) considering that Re = RRS eR, 
Circuit output voltage is depicted in Figure X.26a. There is a requirement 


ta insure rapid capacitor C, discharge during resting times between positive 


ues, i. @., to decrease constant discharging time (where Ryo C Ry Weml ) 


pulses 
It is necessary to use a zero lover 


in order to eliminate dynamic bias We. 
A limiter circuit with such a clamp (diode 0.) is depicted 


clamp for this purpose. 
Positive 


in Figure X.26b, while its output voltage is shown in Figure X.26c. 
square pulses begirning at the zero level with amplitude Usus=£ are obtained 
when the clamp is connected at limiter output. 


EXERCISE V.9 /474 


a) For the Figure V.23a circuit, dias Ey is applied with a "minus" to cathode, 





“For simplicity, we disregard diode Do internal resistance (Re €R,). 


“We disrecard diode 0, internal resistance (Ra €R, +R). 
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Figure X.26. For Action of a Clamp Connected to Limiter Input. 


i. e., promotes the onset of grid current. Therefore, the limiting mode will 


begin when UertEy>0, uas>—E, , the clipping threshold will be negative 


E.= —& <0 , and output voltage wisl correspond to Figure V.24b. 
For the V.23b circuit, bias EG is applied vith a "plus" to cathode, i. e., 
Therefore, the limiting mode will begin when 


hinders onset of grid current. 
» and output 


Yer —Eg>0, uy>E, » the clipping threshold will be positive fie £,>0 


voltage will correspond to Fir--- + ‘4c. The same thing (&>0: will occur tor 


the Figure V.23 c, d circuits: in che first instance, bias applied with a "plus" 
to cathode arises in resistance % 
bias applied with a "minus" to grid arises in resistance Ro due to plate current 


Thus, only the clipping threshold may be increased by using self-bias. 


due to plate current; in the second case, 


flov. 


b) Lower grid limiting cannot be accomplished since grid current may flow 


only an one direction, from grid to cathode. 


EXERCISE V.10 


the clipping threshold of the given input voltage (Figure 
£e>0 , while output voltage corresponds to Figure X.27b; 


When EG Ego? 


X.27a) is positive 
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Figure X.27, Plate Current Lower Cutoff Limiter Input (a) 
and Output Voltages: (b) -- Where & <@,,:8,>m 5 (c) -= 


Where £,=,,:2,~0 j(d) -- Where eg >@,18,<0 « 


where EG o£ E.~d =, - while output voltage corresponds to Figure X.27c; where 


go’ 
ej> Ego? E.<o , while output voltage corresponds to Figure X.27d, 


EXERCISE V.11 


The output veltage of the slate current upper cutoff limiter depicted in 
Figure V.30d is repeated in Figure X.28 by means of the dotted line. In this 
case, feed, UeeUeuns. Only a portion of the negative half-waves us , which also 
will be reproduced opposite in phase at output, will "approach" the transfer /475 
characteristic linear sector when the negative bias E_ magnitude is decreased. 
Consequently, when ESSE? the clipping threshold will decrease (E,< Eni, while 
the clipping level remains unchanged (Figure X.28, curve a). 
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Figure X.28. Plate Current Upper Cutoff Limiter Output Voltages. 


Plate voltage is reduced when plate load impedance Re is increased. As a 
result, first, dynamic saturation begins where there is less control grid voltage 
and, second, ‘ls, and Cawm threshold values decrease (see Chapter III, § 3). 
The first will lead to a clipping threshold decrease (where bias E_ is unchanged), 
while the second will lead to a clipping level decrease Up = Uauan< Uewn (Figure 


X.28, curve b). 


EXERCISE V.12 


There is no anslogy between resistance R and grid limiter network resistance. 


Resistance R may not lead tu signal clipping when there is no saturation. 


EXERCISE V.13 


a) We determine the minimum safe saturation current value ‘ww > 0.6 uA 
from ratio (V.16). Consequently, load impedance *. ~ ee = 25 kilohms. 
i 
b) Collector voltage amplitude decreases with a resistance &, increase 


since product 1,2, increases, while voltage Uses. essentially remains unchanged. 


This is illustrated in Figure V.36 where RL>Ry. 


EXERCISE V.14 


It is evident from Figure V.37 that the time interval determined by the segment 


Fen 


intercepting the tangent to curve (1) at level /, equals xy 7% 
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EXERCISE V.15 


Time constant 7 = RC must te selected so that capacitor charging will conclude 
before the transistor begins to cut off, i. e., condition % > 13=51RCc must be 
satisfied. In othev words, time constant RC determines circuit speed af response. 


EXERCISE VI.1 


a) Triode L, vas blanked (#e1®U. were! when triode L, vas unblanked 
itaelincer . In this event, when triode Ly malfunctions, its plate voltage 
will remain uncranged. Consequently, triode Ly will be unblanked, as usual, and 


its output voltage vill not change. 


Triode Ly vas unblanked (411 Uswaa) when triode Ly was blanked (u::2Uswe-, 
in this case, when triode Ly malfunctions, which is equivalent to its blanking, 
its plate voltage will rise to value (sw, Consequently, triode Lo unblanks 


and its plate voltage will decrease to value Ususe- 


Thus, uhen triode ty malruncticens, triode Lo will be unblanked in any case. 
When malfunctiuning triode Ly is replaced by a working one, tne latter immediately 
will be blanked due to the actiun of voltage  ueUrun » Vhile triode Lo» as 


usual, remains unblanked. 


b) Reversing a flip-flop from a given initial state requires either that 
triode Lo be urblanked by a positive-nclarity pulse or triode Ly be blanked by 
a negative-polarity pulse. In any case, the reversal pruress will have an active 
(avalanche-like) nature only in the time interval when both triodes are /476 
unblanked. The curves for supply of a positive pulse to triode Lo arid are depicted 
in Figure X.29a, while supply of a negative pulse to triode Ly grid are depicted 
in Figure X.29b (ve disvegard the influence of stray capacitances). In accordance 


vity (VI.lls), initial grid voltages equal: 


Un = Cpe = 2 eo Sg: = Un wae =O 


In the first case, beginning at the moment of trigger pulse ty action, voltage 
‘ oe 7 es F pe 
Yo2 rises and, 2% moment “2 (ug = E402)? triode lL, unblanks. Here, the positive 
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Figure X.29. For Explanation of the Flip-Flop Trigo-:ing Process: 
(a) -- With a positive pulse; (b) -- With a neguicive pulse. 
(Influence of Stray Capacitances Not Considered) 


feedback loop closes cn“ an instantaneous (with respect to the condition) circuit 


reversal occurs, resulting in grid voltages taking on new values with a jump. 

Ver arse 2E ee Usreare@O, Inequality (VI.3a) a> Ugusa—Ege! determines the minimum 
required positive trigger pulse amplitude, while the reversal! occurs with a delay 
equal to trigger time Min=4—t, due to finite pulse porch steepness, 

In the second case, beginning from the same moment ths voltage U9) decreases. 
Since triode “] is unblanked, it amplifies and inverts the negative pulse. /477 
Therefore, a positive pulse amplified by a factor of Ky» where formula (VI.1l4a) 
determines gain Ky magnitude, is transmitted to the triode Lo grid. Consequently, 
when voltage u 1 decreases, voltage Ug2 rises at 3 rate greater by a factor of 
Ky than the trigger pulse porch steepness at triode ly grid. Asa result, trivde 


Ls unblanks (at moment to when Ug2 sf 02) before it is possible for triode Ly 
to blank (time ty). Here, the positive feedback loop closes (triode L) also unblank-. 
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at moment t,) and an active circuit reversal occurs. The reversal occurs with 
a delay equal to triggering time SZ,=t;—* arm, , -. G+, the flip-flop vill 


reverse earlier than is the case in the first irstccce2. 


Negative trigger pulse amplitude may be decreas. i by a factor of Ky due to 
its amplification by triode Lis i. @., may be insufficient to blank tricde Ly 
directly and must only satisfy condition (VI.3): Soe ee . Pulses 
Mus and Kits, in Figure X.29b are depicted for the saat tide identical to that 
in Figure X.29a (i. e., excessively high) ‘yan = U3, , while pulses 43, and 


Kiljaa are depicted for amplitude Uj, decreased by a factor of Khe 


EXERCISE VI.2 


a) Connection of resistance Rk, will lead to a decrease in unblanked tube 
current, given the identical plate load impedance Re magnitude. Therefore, unblanked 
tube plate potential Ususssée—/R. will rise. The amplituds of pulses 
User's wave — Us une will decrease since value Uswere will remain unchanged for 


a blanked tube. 


If resistance Ro is decreased so that the current across the unblanked tube 
remains unchanged when resistance aR, is connected, then the value Usse. rise 
occurs due to the decreas’ in resistance Ro An increase in Ro» in acrordance 


with (VI.8), will lead to a decrease in value Uswase, which also will lead to 


a decrease in Uy,u. > 


b) Triode cathodes vill turn out to be ‘grounded" with respect to the d-c 
component and self-bias will disappear when capacitor C, breaks down. Both tubes 
alvays vill be unblanked since the output voltages of the Figure V1.6 dividers 
alvays are positive relative to "ground." Oue to the flow of tube grid currents, 
the potentials of their grids simultaneously will be clipped at level Ue uene™0, 
while plate potentials are clamped at level Useen. Circuit reversal vill become 
impossible (the positive feedback loop always will be apen) since none of the 
grid potentials of any of the tubes will be able to increase. Consequently, the 
circuit never will be able to lesve the stated equilibrium state. Disappearance 
of outside negative bias Ey in the Figure VI.5 circuit will lead to the identical 


result. 
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c) As usual, it is more advantageous to trigger with negative pulses across 


unblanked triodes since the mechanism of t-iggering to plates is identical to 
the mechanism for triggering to grids. These pulses should be supplied each time 
to the blanked triode plate, from which it wil? be transmitted across the appropriate 


divider to the unblanked triode grid. 


The amplitude of trigger pulses must be greater by a factor opposite to the 
transfer consiant of this divider when triggering to plates than when triggering 


to grids, 
EXERCISE VI.3 


a) False (repeat) triggering by a pulse of opposite polarity arising as 
a result of differertiation of the trigger pulse droop by an input network is 
possibie, given slight coupling capacitor capacitance after a flip-flop is triggered 
by a trigger pulse porch. A negative pulse will cause false triggering when positive 
pulses are used for triggering and a positive pulse will cause false triggering 
when negative pulses are used. But, since flip-flop sensitivity to negative pulses 
is greater than to positive pulses, then, in the first case, the probability /478 
of false triggering r.ses (if a positive pulse triggers the flip-flop, it is mandatory 
that a negative puise trigger it). Consequently, triggering with negative pulses 
also is more advantageous from the point of view of cecreasing the danger of inis- 


operatic 1s. 


b) An increase in accelerating capacitor capacitance will lead to a reduction 
in triggering time and reversal time, but it vill increase recovery time and worsen 
the shape of the output voltages following reversal (see Figure VI.7). 


c) The effect depicted in Figure VI.9 may arise if trigger pulse spacing 
Trae is somewhat less than flip-flop resolving time ye». 


In this event, accelerating capacitors do not succeed in discharging completely 
during resting times betveen trigger pulses and, therefore, prior to the moment 
of the next triggering, blanked triode grid voltage turns out to be less than 
its fixed value Uguee (see Figure VI.7b). Initially, the amplitude of the positive 
pulses in the blanked triode grids turns out all tte same to be sufficient to 
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trigger the circuit (pulses 16). However, since for accelerating capacitors 
discharging time constants (VI.26) are greater than charging time constants (VI.25), 
then residual voltage acting like dynamic bias in the grids is accumulated gradually 
in these capacitors due to sequential circuit reversals. Therefore, grid potentials 
will decrease gradually and, given the action of a certain pulse (pulse 7), the 
unblanked triode (Ly) already does not unblank. Since the circuit will not reverse, 
then the next negative pulse (pulse 8) acts upon the blanked triode grid and also 
will be "passed through." 


But, during time ‘=37u. , the accelerating capacitor connected to plate 
ef the triode unblanked during this entire time (Ly) succeeds in discharging 
completely. Following this, circuit triggering vill be restored with arrival 
of the next pulse (pulse 9) at the grid of this triode. Then, the processes repeat 
themselves: the flip-flop regularly is tripped by several pulses (9—14), tue 
pulses (15, 16) "pass through," and so forth. 


EXERCISE V1.4 


a) For Figure V1.10a, the circuit for a divider supplying grid voltage of 
blanked triode Los considering finite back resistance Ries, of blanked dicde 





Figure X.30. For Exercise VI.4. 


0. may be depicted as shown in Figure X.30a. Having used the theorem on the 
equivalent generator relative to paints aa, we convert this circuat to the form 
* Z . 5 5 R : 
depicted in Figure X.30). I[n this circuit, Rae. Rw Rigg- Ru » while 
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eq’ valent generator voltage equals triode Ly estimated negative grid voltage 


Cunere Rcaayeon ): 


U +E 
U=~R Ry Pe Upnura< Ege 





, R 
Therefore, triode Le grid voitage will turn out to equal Ce ® Una » /479 
2 
i. e., it will rise relative to estimated value Vaan . Triode Lo bianking 


reliability will decrease as a result. 


b) When Figure VI.10c triode Ly malfunctions, a positive pulse supplied 
to this tridode grid vill not impact uon the flip-flop circuit. Therefore, a 
further reversal will become impossible after subsequent flip~flop triggering 
across triode La» i. e., the circuit will reniain in a state whereby triode Ly 


is blanked and triode Lo is unblanked. 


EXERCISE VI.5 


a) Diode Dd, in the Figure VI.12c circuit may be broken down by great reverse 
voltage &.—-Usuee when triode Ly is unblanked and triode Le is blanked. A diode 
dD, breakdown will lead to the following consequences. 


First, the next negative trigger pulse after the moment of breakdown acts 
not only upcn triode Ly grid (across diode OD» but also across breakdown diode 
dD. to triode Lo grid. As a result, both triodes will turn out to be blanked and, 
in the best case, only passive circuit reversal may occur, given presence of 
sufficiently-great accelerating capacitances (see Figure VI.13d, e). 


Second, slight resistance &, across breakdown diode D4 will shunt resistance 
Roe resulting in the fact that triode Ly plate load impedance will decrease. 
This will lead to an unblanked triode Ly plate voltage rise and thus a rise in 
blanked triode L. grid voltage. Consequently, the amplitude of outpux changes 
in triode Ly grid will decrease and triode Ll, blanking reliability wiil deteriorate. 
In addition, the triode ly plate load decrease will lead to a decrease in flip-flop 


arm gain Ki. This may impact unfavorably on the speed of the subsequent (active) 


circuit reversal. 
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Figure X.31. Flip-Flop Symmetrical Trigger Circuit Across Trigger Triodes. 


b) A circuit for symmetrical triggering across trigger triodes Ls, Ly is 
presented in Figure X.31 (it is derived from the Figure VI.10c asymmetrical trigger 


circuit by connection of triode L,, L, grids). 


In the initial state, both triodes are blanked by negative bias Ee . 
Positive-polarity trigger pulses act simultaneously on their grids. Selected 
pulse emplitude is such that the only trigger triode unblanking each time is the 
one connected to plaze of the flip-flop blanked triode. A negative pulse amplified 
by a trigger triode arises in the flip-flop plate and this pulse acts upon grid 
of the flip-flop unblanked triode, it is amplified by this triode, and it unblanks 
the blanked trioJe, causing circuit reversal. The other trigger triode, connected 
to flip-flop unrblanked triode plate, is not unblanked by the trigger pulse since 
its plate voltage is so slight. 


EXERCISE V1.6 


a) Negative bias E_ in a cathode-coupling flip-flop impacts upon the triode 
Ls operating mode with respect to direct current. It must be less than in a 
symmetrical flip-flop since voltage ue: additionally is reduced, given presence 
of cathode coupling (triode Lo cathode potential increases relative to "ground") /480 
by magnituce ss, when triode Lo is blanked and by magnitude y,, when triode 


Ls is unblanked. 


b) Unblanked triode current Ta or Ia increasing cathode potential relative 
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ta "ground," flows across resistance &. in both stable equilibrium states. 
Therefore, voltage 4, as was depicted in Figure VI.15d, always is positive. 


The law of change for this voltage is explained in the following manner. 

Unblanked triode Lo operates in the grid limiting mode where Usaanance0. Here, 

Ursewlaks . Unblanked triode Li» as a result of negative feedback action, operates 
with negative bias and Cearaenes —Une—iaR.. Therefore, Loz >a) for stable 
equilibrium states, hence Us>U,, . The latter inequality also results because 
voltage Css must be sufficient to blank triode Ly (Uss> 1 Egat) when triode Lo 
is unblanked, while voltage U,, must not blank this triode (Uu<|£gx}) when triode 
Ly is unblanked since this is done by plate current Tai Consequently, voltage 
“us is greater when triode Ly is unblanked and less when triode Lo is blanked, 
i. @., it changes opposite in phase with lL, output stage plate voltage. This 
conclusion also is justified for monostable cathode-coupling multivibrators (see 


Figure VI.18). 


EXERCISE VI.7 


a) Theve yvltage curves are depicted in Figure X.32. At the moments of 
reversal, voltages “ and change with a jump in the identical directions 





Figure X.32, Cathode-Coupling Flip-Flop Voltage Curves For the Shaping Mode. 
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as was the case for pulse triggering (see Figure V1.15 and Exercise VI.6b). But, 
in the shaping mode when triode Ly is unblanked, its plate current Ta) changes 

in phase with control voltage. Since us) = E7735) 82) while demas ei, here, 
then the appropriate control voltage sector will be reproduced opposite in phase 
at triode L, plate and in phase at its cathode. Consequently, square pulses are 


shaped only at triode Lo plate. 


b) The triode Ly grid in a cathode-coupling flip-flop is not connected with 
any other circuit point. (Control voltage applied to triode Ly grid in a symmetrical 
flip-flop (see Figure VI.5a) would "get through” in stable equilibrium states 
across resistance Ro of the second plate-grid causzling to triode Lo plate. As 
a result, distortions similar to the control voltage shape would accumulate at 


voltage Us2 pulse tilts and bases. 


EXERCISE vI.8 


a) If condition (VI.39a) Usssase<Eye is not satisfied, then triode Lo will 
not be blanked when a trigaer pulse acts to unblank triode Lj. Therefore, triode 
Ly again will be blanked by voltage Ussels.>! £e.i upon trigger pulse cessation, /48] 
i. e., no circuit reversal will occur. It will remain in the initial stable state. 


b) These curves are depicted in Figure X.33. Given the established conditions, 
Tre —la<tey io Co, trigger pulse spacing is insufficient to complete the multivibrator 
restoration process (capacitor Cc) charging) following a counter reversal. Therefore, 
negative voltage 4a: does not succeed in rising to its fixed value Us1e—liy, 
prior to the moment the second trigger pulse arrives and a trigger pulse of greater 
amplitude is required to trigger the circuit (triode Ly unblanking). 


In addition, prior to the moment the second trigger pulse arrives, voltage 

U5) does not succeed in attaining fixed value Uay wane = Eo while positive voltage 

“os does not succed in dropping to zero. Therefore, during the second triggering, 
voltage es will drop with a jump by magnituus 3U,, < 3U4, tO a less negative 
level then during the first triggering: Cpe, wan > Use, ven - Consequently, following 
the second triggering, this voltage will attain level E502 in less time than following 
the first triggering: '<te . But, pow more time Tye—tp=t > Tue—ty during 
which recovery essentially may meebnpieted remains for circuit recovery prior 
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Figure X.33. Cathode~Coupling Monostable Multivibrator Voltage Curves 
Where ta<Tras<tetle . 


to arrival of the third pulse. Then the third pulse will occur with normal initial 


conditions and resultant quasistable state time will be identical to that following 


the first triggering, i. e., it will equal te. Asa result, again there will 


be insufficient time for circuit recovery prior to arrival of the fourth pulse, 
and soon. Thus, the ciscuit sequentially will shape pulses of different duration 


te and a , 


c) These curves are depicted in Figure X.34, given these conditions. We 
will begin with examination of the processes from moment t" of circuit counter 





Figure X.34. Free-Running Cathode-Coupling Multivibrator Operation. 
(a) -- C, Discharge; (b) -= C, Charge. 


590 








reversal. At that moment, when triode L 


unblanks, triode lis just as before, 


2 
will be blanked by a negative voltage 4u., "bump." Actually, at moment t", /482 


voltage uw with a jump will rise to value Uy wenemUsst/,Rs, which vill exceed 
: , c ‘ : = 
cutoff voltage magnitude le So! when Uys Ego! - Next, in connection with 


a capacitor C, charging current decrease, voltage uu also vill decrease, while 


negative Woliace 4a: will rise, striving towards fixed value Use at which 
triode Ly blanking already is not insured Uses <tEgal . Therefore, spontaneous 
triode Ly unblanking, i. e., a "direct" circuit reversal, will occur at moment 

t', when voltage 4a: equates to cutoff voltage E41" Then the processes repeat 
themselves. Consequently, the circuit converts to the free-running mode. Here, 
the capacitor Cy discharging process, i. e., ratio (VI.49), as was the case in 

the monostable mode, determines the time ty the circuit remains in the former 
quasistable state (triode Ly is unblanked, triode Lo is blanked). The capacitor 
Bt 
remains in the new quasistable state (triode Ly is blanked, triode Lo is unblanked). 


charging process with time constant ‘as:=C,&., determines the time To the circuit 


EXERCISE VI.9 


a) These voltage curves are depicted in Figure X.35. A bias voltage &., 
increase leads to a linear rise in current Ian (see Figure VI.22). Expression 





Figure X.35. For Exercise V1.9a. 


(VI.5la) determines the magnitude of the triode Lo grid voltage negative step 
at the moment of circuit reversal in a quasistable state: 
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Uges ann ™ — Ley (Res + Ra) + larRe. 


i. e., it will depend linearly on current lay magnitude. Voltage 4a: will begin 
to rise from a more negative level, striving in accordance with (VI.52) towards 
value Ug,» = £a—/aRe, which also (even though to a lesser degree) vill decrease, 
when voltage &u increases. Recharging time constant +s, does not change when 
magnitude &. changes. Therefore, the graphs of voltage 4s: in a quasistable 
stage for various &, values is a family of essentially parallel segments of 
virtually straight lines. As a result, the duration of the shaped pulses turns 
out to be lincarly-dependent on the magnitude of voltage Ugeamen y is Gey ON 


voltage &s in the final analysis. 


b) It is possible to control pulse duration by the voltage ‘ss magnitude 
in a cathode-coupling "zero"-grid monostable multivibrator, too. Just as ina 
retarding-field multivibrator, a voltage .. increase will lead to value Usarwes 
becoming more negative, resulting in a pulse duration rise. However, since a 
capacitor Cy discharge, rather than a recharge, occurs in a circuit with a "zero" 
grid in a quasistable state, resulting in the law of voltage u,., rise /483 
corresponding to a more~linear sector of the exponential curve, the resultant 


relationship of «t to &,. is significantly less linear than in a retarding- 


field circuit. 


* 


c) It is sufficient to violate condition (VI.51), which insures triode Ly 
blanking in a stable state, to convert a cathode-coupling retarding-field monostable 
multivibrator to the free-ruming mode. This may be accomplished either through 


a decrease in resistance & or by an increase in voltage &:s or, finally, 


by an increase in resistance Ro2° Here, triode Ly will be blanked following a 


circuit counter reversal only for a limited time due to an increase in cathode 
potential as capacitor c) charging current flows across resistance R, (see Exercise 


VI.8c). 


EXERCISE VI.10 


The duration of the shaped pulse is determined in an identical manner, both 
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when a fi cced-cutoff monostable multivibrator and when an asymmetrically-triggered 
flip-flop are used. The determinant is the time interval between the external 
pulse reversing the circuit in one direction and the external pulse reversing 

the circuit in the other direction. However, a monostable multivibrator always 
will be in the single possible stable condition to which it automatically transfers 
when external pulses disappear (interruptions in pulse arrival) prior to arrival 
of the first trigger pulse. Consequently, a monostable multivibrator without 

fail will be tripped by the first trigger pulse. There is no quarantee of this 
with a flip-flop, which may be in one of two possible stable states and will be 
tripped by the first trigger pulse in only one of these states. 


EXERCISE VI.12 Te 


a) These voltage curves for a basic asymmetrical multivibrator circuit are 
depicted in Figure X.36. Based on ratio (VI.71 and VI.72), we will get T) = 27, 





Figure X.36. Sasic Asymmetrical Multivibrator Circuit Voltage Curves 
(Roy = Raa? 
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when Rot = 2R.2° The interval Ty reduction by a factor of 2 is explained bv the 
decrease in the capacitor c, discharging time constant, which results in an ‘crease 
in the rate of triode Lo negative grid voltage rise when this triode is blanked. 


b> Supplying outside negative bias sufficient to blank the triode to the 
grid network of one triode (Lys for example) Eas E501 is sufficient to convert 





Figure X.37. Basic Monostable Multivibrator Circuit. 


a basic multivibrator circuit to the monostable mode. A stable state then arises 

in the multivibrator (triode Ly is blanked, triode Ls is unblatked), and only e 

an external pulse may remove it from this state. The resultant circu t and the ae 
given voltage curves in it are depicted in Figure X.37. 


Circuit triggering requires that the amplitude of a positive trigger pulse 
amplified by triode lL. in the triode Ly grid be sufficient for its unblanking: 
Use >l8n—Egai. Here, circuit reversal in the quasistable state will occur (triode 
L, is unblanked, triode Lo is blanked). 
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Bias source E_. is not included in the capacitor c charging ard discharging 
network, but is a part of the capacitor Cc, charging and discharging network. 


Therefore, the voltage Yo2 curve will remain identical, while the voltage /485 

Us) curve will change in tne following way compared to the free-ruming circuit. 
Following a positive step, at the moment of triggering voltage Yo) will decrease 
in ccnnection with the capacitor C, charging current decrease, striving now, however, 
tovards value Eu 9 rather than tovards the zero level. Here, as long as 
Ug, os capacitor Cc. charging occurs by triode Ly grid current, i. e., with slight 
time constant Taeps = COR: But, when Ya< OQ, grid current ceases and further 
charging of this capacitor occurs already with significantly-large time constant 

Tap = Ca (Ror + Rg)(Ry > Rad . Therefore, the voltage “gi decrease jccurs initially 


at a high, then at a low, rate. 


There is a negative voltage Yay step at the moment of circuit counter reversal, 
followed by a gradual rise in this voltage in connection with a capacitor co 
discharging current decrease. However, since it will strive towards a negative 
Ey value, triode Ly remains blanked and triode Lo unblanked until arrival of a 


new trigger pulse. 


Triode Lo must unblank before triode Ly blanks in order for an active circuit 
counter reversal to occur. Here, the amount of time the circuit remains in a 
quasistable state (generated pulse duration ‘s ) is determined just as interval 
N was for a free-running circuit. Otherwise, only a passive circuit reversal 
will occur at the moment triode Ly is blanked, while the stability of this moment 
(i. e., pulse duration) deteriorates in connection with the slow voltage ual 


approximation to cutoff voltage E Gol" 


EXERCISE VI.12 


Ouration of pulses generated by a free-running retardingfield multivibrator 
is determined from the same circumstances as was the case for a monostable 
retarding-field multivibrator. Here, it is neccessary only to consider that, 
in this circuit, cathode lnad impedance Rk, is absent. Assuming that a, = 0 


in ratio (VI.55), we will get TCR gk and analogously 


; 
laa + E, . ‘ 
T= CR, < £ ‘ 
a 
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Comparing these expressions with expressions (VI.71 and V1.72)., we see that, 
all other conditions being equal, pulse duration in a retarding-field circuit 
is less than in a basic circuit (with "zero" grids). Therefore, the required 
magnitude of resistances Roa and Rue is greater in a retarding-field circuit than 


in a basic circuit. 
EXERCISE VI.13 


a) Diode D in the Figure VI.34 circuit boosts the capacitor C dischar jing 
process arising when the circuit reverses during a reference voltage return stroke. 
If this diode malfunctions, then great resistance Ro2 will enter the discharging 
netyork, vhich greatly will stretch the voltage u,, negative exponential "bump" 


(see Figure V1.35d). 


This will manifest itself primarily when there are large voltage uy, values 
approximating maximum voltage ue . Actually, as depicted in Figure X.38, in 


this case the interval between tne moments of circuit tripping aT and te will 





Figure X.38. For Exercise V1.15. 


be slight (a counter reversal occurs at the end of the return stroke, while a 
forvard reversal occurs at the beginning of a reference voltage forward stroke) 


and. prior to moment tis capacitor discharge vill not succeed in concluding.* 





*Lomparison error 4%. caused by voltage aU, is not reflected in Figure X.38 
for -he purposes of simplicity. 
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Because of this, at moment ty given voltage equality  Gyspeuge , voltage Ugas 


Pr 
discharging current value at moment t,. As a result, triode Lo unblanks later, 


will be less than cutoff voltage E502 by magnitude 1U,eh Rn, where 4 -- 


at moment ty. The lag in the moment of direct circuit cripping will be greater, /486 


the greater the voltage uvao (uyap<Uou nenc). 


b) The polarity of the diode D connection should be changed when linearly-rising 


reference voltage is used. 
EXERCISE V1.14 


It is evident from expression (VI.82) that, given a sufficiently-great factor 
value, resistance Ry magnitude turns out to be many times greater than resistance 
R. . Therefore, the amplitude of a pulse with growth B rises, approximating 


value 


Un = Ey la Ry = Ey. 


EXERCISE VI.15 


Output pulse Usus, rise time «¢ (Figure VI.37) decreases with an increase 


in capacitor C, capacitance. The decrease in capacitor Cc. capacitance leads also 


1 
t a reduction in rise time ‘9’ . Consequently, output pulse u,.,, shape improves. 


However, output pulse U.e., shape deteriorates here. 
EXERCISE v1.16 


Considering that collector and emitter currents are approximately the same, 
it is possible to determine bias voltage ll» from the formula 


Up w/1Ry=i,R, = ee Pee Ey ze. 
® © 
EXERCISE VI.17 


A decrease in resistance &, magnitude requires an identical increase in 


capacitor C capacitance to obtain a pulse of a given duration. But, this leads 
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to an increase in the capacitor C charging time constant and, consequently, t:: 


negative pulse porch or positive pulse droop stretching. 


EXERCISE VI.18 


1. The recharging time constant Ree = 1 usec, Pulse duration determined 


from formula (VI.102) comprises 





te 3 O7R,C 2 O7-10-? sec = 700 psec. 


2. We determine shunting resistance magnitude /487 


Ru ot. 


3.0 megohms; where t = +65° C, 


For a P14 transistor, where t = +20° C Re 
Ry = 0.5 megohms. 


For a P106 transistor, where t = +209 C ar, = 30.0 megohms; where t = +65° C, 


Re = 5.0 megohms. 
3. We determine duration considering shunting using formula (VI.107). 


When P14 transistors are used, when t = +20° C ‘aw 10-inly7 = 686 usec; 
where t = 465° C ¢,= tu ‘inl93 = 600 usec. 


When P106 transistors are used, when t = +20° Ct, @10-*In1.99 = 696 usec; 


when 2 = 465° C t= 10-fIn 1.98 = 690 usec. 
4. The relative pulse curation change (in percent) comprises: 


when a P14 transistor is used 


ot, 
Ug am ——- 100°/y = IPQ 
e 
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when P106 transistors are used 


20%, lo, 


Caneclusions. Comparison of results obtained indicates that formula (VI.102) 
provides an error exceeding 10% when germanium transistors are used at room 
temperature and is unacceptable for an increased temperature. Consequently, formula 


(VI.107) must be used. 


Formula (VI.102) provides satisfactory results over a broad range of temperature 


changes when silicon transistors are used. 


EYERCISE V1I.19 


a) In accordance with formula (V1.121), a change in C capacitance, recharging 
resistance & , and initial capacitor C voltage may be used to control pulse 


duration. 


Design cumplexity is the basic drawback of using a change in C capacitance 


to control % . 


A change in resistance & also is inadvisible since the transistor T, operating 


mode changes, as does circuit temperature stability. 


The method whereby initial capacitor voltage changes but transistor modes 





Figure X.39. Pulse Ouration Control in a Transistor Nonostable Multivibrator. 
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do not provides the best results. for that Purpose, capacitor C is connected 


to a part of resistance &... rather than to the transistor T collector, as depicted 
in Figure X.39. 


b) A change in resistance Ro and R does not impact upon the duration of 
the shaped pulse. Only the transistor ur mode changes. 


EXERCISE VI.20 /488 


Maximum pulse duty ratio 


t, RaxC In 2 0.7Rey 


be l 
o- leecee f a= aiRe +S aR: 





Qs 70+ 80 when Ry = 100 kilohms and R = 200 ohms. 
EXERCISE VII.1 


The F igure VII.Soseillograms in the o1ruer indicated correspond to points 
6.8 and 4’, respectively (Figure VII.2a). Oue to transformer coupling in 
load winding W3> the signal has a shape identical to that of voltage e) in winding 
“1 Consequently, the shapes of pulses at load and at tube plate also must coincide 
since us = Es-ey- 


The difference may lie 1n selected pulse polarity at Icad and its amplitude. 
The decrease in magnetizing current by an aperiodic law causes the "bumps" in 
the aforementioned oscillograms. 


The pulse at cathode load is shaped due to plate and grid current flow and 
always is of positive polarity. It will not comprise a "bump" since plate and 


grid currents disappear instantaneously after the tube blanks. 


The grid current decrease explains the flat pulse tilt (see Figure VII.4d). 
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EXERCISE VII.2 


Fixed and variable resistances usually are connected instead of resistance R 
(Figure VII.7a) to change pulse repetition frequency within minor limits. The 
repetition frequercy chance in this case is accomplished best by switching two 
different resistarces. It is undesirable to change capacitor C capacitance for 
two reasons: first, the duration of the shaped pulse will change and, second, 


tilt slope vill change, which often is undesirable. 


EXERCISE VII.3 


It is evident from Figure VII.8b that, where MWe <4, » pulse spacing Te 


must fall within the limits 
Ta(n ++)<n< 7 (1 +7): 


where n -~ numoer of complete resonant loop oscillation periods contained in resting 


time interval % . 


EXERCISE V11.4 


Pulse t.ransfarmer windings in a common-emitter circuit are connected in 
opposition since the transformer must be an inverting transformer to accomplish 
positive f2edback (see the polarity of self-induction emf e) and self-induct ion 
emf e, in Figure VII.10b). There is no signal inversion in a common-base transistor 
circuit. Therefore, pulse transformer windings must be matched. For conditional 
depictior. of such a connection, the points must be placed at the ends of windings 
connected to collector and base outputs, respectively. 


EXERCISE VII.5 


The diode must be connected as depicted in Figure X.40. In this case, diode 
O unblanks and shunts the transformer winding when collector voltage is reduced 
below the & level due to self-induction emf. 








Figure X.40. Damping Diode Connection. 


EXERCISE VIII.1 


Solution of the problem requires comparison of syne guise repetition period 
T.aq-= i = 100 usec with blocking oscillator inherent self-excited oscillation 
¢ 


period (inherent pulse spacing) LP The latter for a reta..ing-field blocking 
oscillator (Figure VII1.2) is determined from Formula (VJ1.12) 


E 
_ Te 23RC ig vt sae], 


where = Uc mesem—Uguae (See Figure VII.7b); 
C -— capacitance; 
R — grid (timing) network resistance. 


The greater the scaling factor, the greater period 7. will be, given the 
assigned i magnitude. Period i. for the Figure VIII.2 circuit vill be maximum 
for the extreme “upper” potentiometer Re arm position when ReReweeRstRe. Thus, 
for this circuit considering its parameters for given values Ugase and Eb0? 


Ze + il’, wan! 


Tomas 23 (Re + Re) Cola pe * 
= 2.3-050-10?-2400- 10-19. 108 ty 39 = 2280-0.122 = 278 usec. 


“- inherent period of oscillations will exceed sync pulse spacing by a factor 
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of 2.78. Consequently, the maximum possible scaling factor is 4, = 2 (the 
third syne pulse will arrive already after spontaneous circuit reversal). 


EXERCISE VIII.2 


For point 8 located inside the K, = 4 zone, we have 


r U, 
Te" amen 


The corresponding curves are depicted in Figure X.4la and demonstrate /490 
that, in this case, four-to-one stable frequency demultiplication will occur. 


For point fr located on the right edge of the Kk, = 2 zone, we have: 


= 05, ym Fel = 0.3. The corresponding curves are depicted in Figure /491 
X.4lb and demonstrate that, in this case, two-to-one unstable frequency demulti- 
plication will occur. Actually, under the given conditions, periods of inherent 
and forced oscillations theoretically coincide ToT. In practice, this will 
lead to the fact that, even when there are slight changes in the magnitudes of 

7’ or tO oscillations will occur, some with an inherent and some with a forced 


perioc, 


For point 2 falling on the common boundary of the X, = 2 and K, = 
3 zones, we have: FE = 03s Wr Fal = 0.5. The corresponding curves are 
depicted in Figure X.4lc and demonstrate that, in this event, first two-to-one, 
then three-to-one, unstable frequency demultiplication will occur. This is explained 
by the fact that, under the given conditions, grid voltage rises exactly to the 
cutoff voltage level under the action of each second pulse following a reversal. 
Here, depending un fluctuating changes of magnitudes Tras and a ’ 
the circuit may either reverse (and then <, = 2) or not reverse (but then it 
will reverse with the third pulse and «, = 3). Thus, the period of forced 


oscillations randomly will take on the value 7, =37. or Tyear,. 


For point E falling below the , = 1 zone and to the right of the A,= 2 
zone, ve have: fi 2 08 torte 2 0.2. The corresponding curves are depicted 
e +l guue “ge 
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Figure X.41. Idealized Voltage Curves for a Blocking 
Oscillator in the Synchronization Mode. 


in Figure X.41d and demonstrate that, in this event, the blocking oscillator will 


produce oscillations with inherent period Le and there will be no frequency 
@ivisiona. 


EXERCISE VIII.3 


Frequency division using the Figure VIII.8 multivibrator circuit 


7 
| 
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under the given conditions is possible only due to "pass through" of negative 


syne pulses arriving at interval Ty (when triode Lo is unblanked and triode L 
‘ 
is blanked). 


1 
To find this interval, it is sufficient to determine the duty ratio 


of the inherent multivibrator oscillations. When the potentiometer Re arm is 


R 

in the middle position: R|, =R; = 50 kilohms, R_, = R, + 5% = 25 kilohms, 
Therefore, based on formulas (VII.71, VII.72), considering that Cy = Cos Ry = 
Ros Ejol = E502? we will get To. = 2T 32° 


Thus, ve have TemTa+TyeolsTy@5l, OF +t 333. But, this means that three /492 


6 
pulses to which the circuit will not react always vill arrive in interval To 





Figure X.42. Idealized Voltage Curves for a Multivibrator ees 
in the Synchronization Mode. 
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605 { 


= fee OP tee Sete eed ats eerie 
: = 














the fourth pulse without fail (based on the condition that amplitude UY, is 
sufficiently great) will force a circuit reversal. Consequently, A,= 4. These 


curves are presented in Figure X.42. 
EXERCISE VIII.4 


For. point A located in the A, = 2 zone, we have Fe mas, 
u e 


a= nl Oe anaes 0.6. The corresponding curves are depicted in 
Figure X.43a and demonstrate that, in this case, two-to-one frequency division 
will occur because one pulse each time arrives in interval To while the 


subsequent one will force the circuit to reverse. 


For point 8. located in the Kk, = 3 zone, we have: Fe = 0%; /493 Me 


joey ee = 0.6. The corresponding curves ore depicted 

'\¢ use se guna a 

in Figure X.43b and demonstrate that, in this event, three-to-one frequency 
division will occur because one pulse each time arrives at interval To 

the subsequent pulse does not impact upon the circuit due to its insufficient 

amplitude, and only the third pulse wili force the circuit to reverse. 


For point 4 located in the same 4X, = 3 zone, but in its vertical band, 


Fe = 015: L 
we have: oe pee = 0.9. The corresponding curves are depicted in 
| Ug une En 
Figure X.43c and demonstrate that, in this case, three-to-one frequency division 


also will occur, but each time two pulses already arrive at interval To 


and the third reverses the circuit. 


EXERCISE VITI.5 


Circuit recovery time T.useet, constrains trigger pulse spacing when a 
monostable multivibrator is used as a frequency divider (see Figure VI1I.12). be 
When 7. @T. ase y Tire = pulses to which the circuit does not react arrive a 
during time ¢ of the quasistable state. After this, the circuit will be triggered 
by the pulse which arrived immediately following circuit recovery. The resultant ee 
maximum scaling factor equals 


Rico eG dee: 
ty be 
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EXERCISE VIII.6 


K, = 26 = 64 when six sequentially-operating flip-flops are used. The maximum 


number of pulses this circuit will be able to count is Meee = l11111 (63). 
EXERCISE VIII.7 
a) The functional diagram and voltage curves for an amplifier where x, = 9 


were depicted in Figure VIII.17. Sringing the Figure VIII.15b circuit to the 
given mode requires that the first, second, and third flip-flops be enveloped 


by feedback. Since each flip-flop's negative output pulses are produced when 

output (right) tubes unblank (see Figure VIII.16) when the divider is operating 
without feedback, then pulses supplied from divider output to the stipulated 
flio-flops with respect to feedback must reverse them in the opposite direction, 

i. e., lead to blanking of the right-hand tubes. Positive-polarity pulses picked 
off output blocking oscillator resistance &. may be used for this purpose, supplying 
them to the right-hand tube cathodes (which is equivalent to supplying negative 





Figure X.44. K, = 9 Flip-Flop Divider Schematic Diagram. 


pulses to the grids of these tubes). Requisite pulse delay may be obtained in 
the feedback network by using an R-C integrator connected at blocking oscillator 
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trigger tube Lio input. The schematic diagram of a A. = 9 divider circuit obtained 
in this manner is depicted in Fiqure X.44. 


b) For the Figure VJ'_.18a circuit, n= 3 and As = 2° = 8 in the absence 
‘ of feedback. A "malfunction" with the help of feedback of the second flip-flop 


Ue ! i 3456.7 8 91011 12:13 45 617 18 92081 22 2324528 


deg ee 
Figure X.45. Voltage Curves for the Figure VIII.18a Divider Circuit. 
will provide a decrease in MX, (counter shift) by 010 (2 unities). Therefore, 


the resultant scaling factor is K,= 8—2 = 6. 
depicted in Figure X.45, 


The circuit voltage curves are 


c) For the Figure VIII.18b circuit, n= 5 and K,= 2? = 32 in the absence 
of feedback. A "malfunction" with the help of feedback of the first and fourth 
flip-flops will provide a decrease in Ks (counter shift) by 01001 (9 unities). 
Therefore, the resultant scaling factor is Ky, = 32—9 = 23, 


d) Obtaining %, = 5 requires that the circuit include three flip-flops /495 
(2 >5>2%), which without feedback would provide eight-to-one frequency 
division. In order for Ke = 5, the pulse counter must be shifted by 
8--5 = 3 unities, i. e., by Oll. Consequently, feedback must be supplied to the 
first and second flip-flops. A functional diagram of a A, = 5 divider and its 
voltage curves are depicted in Figure X.46. 
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Figure X.46. K, = 5 Flip-Fisp Divider Functional Diagram (a) 
and Voltage Curves (b). 


e) Obtaining As = 42 requires that the circuit contain six flip-flops /495 
(28 > 42 527); which, without feedback, would provide 26 = 64 fold frequency 





Figure X.47. K, = 42 Flip+lop Divider Functional Diagram. 


divisioa. In order for Xk, = 42, the pulse count must be shifted 64--42 
= 12 unities, i. e., by 1100. Consequently, feedback must be supplied to the 
third and fourth flip-flops. A functional diagram of this divider is depicted 
in Figure X.47. 
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EXERCISE VIII.8 


Reference train pulse delay time ‘% must exceed the maximum possible magnitude 
of divider output pulse time lag instability. Otherwise, the divider output pulse 
may arise later than the corresponding reference train pulse and it will turn 


out to be impossible to gate the latter. 

Gate pulse duration must satisfy condition Ts>tes>t, in order to guarantee 
gating of the requisite reference train pulse and not allow the subsequent reference 
train pulse to pass through to circuit output. 


EXERCISE IX.1 


A linearly-falling voltage generator circuit and its output voltage are depicted 
in Figure X.48. In the initial state (t<t), svitch K closed), the capecitor 


by x Rix 


te 








toa 


ee ee) 





Figure X.48. Linearly-Falling Voltage Generator Equivalent Circuit 
and Output Voltage Curves. 


us charged to voltage eae ® = R, 
. @ é . 
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Forward stroke shaping occurs due to the partial capacitor C, discharge 
across resistance 2 during the time switch K is open. Therefore, working stroke 
linearity is insured if ‘tpap=*. = C\R,D¢, =ts—t. « Circuit recovery /496 
(return stroke shaping) occurs during complete capacitor charging when switch 
K is closed. During the recovery process, output voltage rises from value 
Yeun. achieved at the end of the vorking streke to value Vewsee with time constant 





"sp Bt =C, qo - Here, te~3een. In order to obtain %»>*%. given a 
, » 


high degree of working stroke linearity, it is necessary to satisfy the condition 
“aw tap y ie Oey Ry dR» (here, typ =C,R,)+ Besides, the lower the switch 

internal resistance in a conducting state, the greater the Ue,,,,value (where /497 
RyRy Ue vena = os ie e., saw amplitude Us" Uepuse~ Yeu - Thus, the same 

ratios must be savisfied as was the case in the linearly-rising voltage generator. 


EXERCISE IX.2 


The linearity of the R-C integrator collector voltage in the beginning of 
the charging process (where =f! ) is explained by the fact that as long as 
this voltage, rising gradually, remains still much less than source voltage, it 
virtually will not counteract the latter. Therefore, capacitor charging current 
essentially remains constant: where 4% <& sa ee =. But, when charging 
current is constant, capacitor voltage rises by a linear lav. 


EXERCISE IX.3 


Given these malfunctions, exponential sweep generator cutput voltage curves 


arising at moment t' are depicted in Figure X.49. 





Figure X.49. Manifestation of Exponential Sweep Generator Malfunctions. 
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a) 
beginning at that moment, the triode always will be unblanked and the capacitor 


If disabling pulses stop arriving at circuit input at moment t', then, 


rapidly will discharge across it to voltage Ucues, after which output voltage 
will mot change wsuseUVe wsesconst (Curve a). An input pulse amplitude decrease to 
value Usu</&£! will lead to the same result. 


b) A partial loss of emission in a triode will lead to a decrease in /498 
quiescent current To? which is equivalent to an increase in tricde resistance 
to direct cucrent Rio This entails, first, an increase in voltage lc «a, initial 
level, towards which the capacitor will strive to discharge and, second, an increase 


in discharging time constant tyeep = CR. 4+. @., in circuit recovery time. 


io’ 
As a result, saw amplitude will decrease, while its average level gradually rises 
to a value when dynamic equilibrium will be established in the capacitor: the 

amount of electricity obtained during charging time «% compares with the amount 


of electricity lost during discharging time *% (curve b). 


ec) It will be impossible for the capacitor to discharge across the triode 
when the latter completely loses its conductivity and, beginning at moment t', 
the capacitor will charge completely across source Eo As a result, output voltage 
will attain level E. during time interval tw3eea. and then will remain constant 


(curve c). 
EXERCISE IX.4 


The rate of voltage change Juring a working stroke when converting from scale 
l to scale 2 must be reduced by a factor of 2: = tga, - uaF tes, - But, since 
29 = =, then this requires that capacitor charging time constant oop = 
CR, be increased by a factor of 2. An increase for this reason in resistance 
Ro will lead to an undesirable change in level Ucues . Therefore, it is advisible 
to increase capacitor C capacitance by a factor of 2.* Consequently, it is necessary 
accordingly to change magnitude C simultaneously with a change in control pulse 





*Even though time constant {pany = CReo i. @., Circuit recovery time, will 
rise here. 
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duration during the scale switch. If here iu. 2. then nonlinearity factor 


Taepi Ta apa 


jn + will not change. 


EXERCISE IX.5 


a) Diode Dd, is a lower zero clamp and is intended to stabilize the initial 


level of diode Ly cathode potential, i. e., Of value Cecues © 


b) Resistance & must be as small as possible to reduce circuit recovery 
time « and decrease level Cecus, « Sut, the requirement to satisfy the /499 
condition for undistorted input pulse transmission across isolating circuit 
- = CR, >t, constrains the ability to decrease this resistance. In addition, a 


resistance #, decrease loads the input pulse generator. 


c) Control pulse amplitude must be sufficient for reliable diode Ly blanking 
during the entire working stroke. Control pulse amplitude must setiefy the condition 
Uss> Ucuase since diode plate potential rises to value UsweeeeUVewes-, by the end 


of the working stroke. 
EXERCISE IX.6 


The following expression describes the law of capacitor voltage rise during 
a vorking stroke for the Figure IX.9 GPN circuit 


e 
ue =U, + (Eg — Us) ( -e Se), 
where = wey = RC -- charging network time constant. 


The working stroke ends when voltage Up attains firing potential Uc use=U, 
when tat, , hence 


a] 


Uy = Ue + (Bg —U,) Ime 9, 


Solving this equation for ta, considering that l,«Z,, we will get: 


ba ag 8 STE 8 tap pt ae 
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The law for capacitor voltage decrease during a return stroke is described by 


et 
um ye “pap , where ‘peop = Ric -- discharging network time constant. The 


return stroke ends when this voltage is reduced to quenching potential: 
, -me Solving thi tion f 
Co cen @ Li, dhere tes , hence Ue = Ue ‘ay ¢ 20lving this equation for 


t, » we will get 


te ™ Ypasp in +. 


Values ta and t%. and, consequently, saw change period T7et,+", cecrease, 
i. e., sweep frequency rises, when firing potential increases. Saw amplitude 


U,0U,—U, drops, vhile nonlinearity factor tet decreases due to the reduction 
in vorking stroke duration, 


Only value ‘a (‘e=const;is reduced when source voltage ES arises, with sweep 
frequency rising as a resuit. Saw amplitude remains unchanged, while the non- 
linearity factor decreases. 


EXERCISE IX.7 


a) Voltage drop  ta2e—ue—i,R, applied with a "minus" to the pentode 
control grid is created in the Figure IX.l4a GPN circuit as capacitor C charges 
across pentode Ly in resistance R . Capacitor voltage rises because of the 
charging process, while the voltage applied to the "TT" one-port drops (u-+ur£.). 
Here, pentode plate current will strive to decrease. But, the current in? increase 
leads to a decrease in negative bias magnitude usse—u., i. €., in pentode /500 
internal resistance to d-c Rig? which, in turn, constrains the current decrease. 
As a result, pentode internal resistance to a-c Ri rises, pentode current stabilizes, 
and output linearity increases. 


b) Connection of positive bias source E 1 to the pentode control grid netvork 
(Figuze IX.14b) decreases pentode internal resistance to dec, i. e., increases 
the average capacitor C charging current value. As a result, the capacitor charges 
at a high rate, which leads to a rise in saw amplitude JU. and source voltage 
utilization factor a’ Output voltage linearity remains as before since pentode 
internal resistance to a-c and, consequently, negat’e feedback action as usual 
determines its current-stabilizing action (see pam a). 
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EXERCISE IX.8 


a) For the Figure IX.15 circuit, the approximate shape of the output voltage 
distortions arising due to noncoincidence of triode Ly and Lo Dianking is depicted 





Figure X.50. Figure IX.19 GPN Circuit Output Voltage Distortions. 


in Figure X.50. Here, ty -~ moment the control pulse front blanks triode Li» 

t) -- moment of triade Ll, blanking, while the dotted line depicts output voltage 
shape if these triodes were to be blanked simultaneously at moment th. Triode 

Ls and L; currents flow across capacitor C in interval At = ty ~-t)- Consequently, 
capacitor discharge occurs more rapidly than when triode Ls is blanked (only with 
triode Ls current). However, triode Ls current gradually decreases in connection 
with the rise in the potential of upper capacitor C plate and triode L, cathode 
when its grid potential is clamped. Therefore, an exponential sector arises at 
the beginning of the working stroke (in interval At). At moment ae triode Ls 

is blanked, capacitor C charging with stabilized triode Lo current continues, 


and output voltage rises further by a linear law. 


b) Triode L; grid potential rises (relative to "ground") when the Figure 
IX.15 potentiometer & arm is moved "upwards." Therefore, during resting times 


betveen control pulses, capacitor Cc, charging across triodes L; and Ly will occur 
with more current and the average voltage Yeo level will rise. Capacitor C during 


a working stroke will be charged with greater current since this voltage plays 
the role of positive bias in the charging triode Lo grid network. Asa result, 
savtooth voltage amplitude U. and source voltage é, utilization factor will 
rise. Nonlinear distortions at the beginning of the working stroke simultaneously 
will rise since a greater capacitor C voltage increment will be necessary due 

to the voltage Us. increase for triode Ls blanking following triode Ly blanking 
(the initial level of voltage Ucwss in capacitor C remains unchanged). 
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EXERCISE IX.9 


Pentode plate current radically decreases uvhen Ue weneUauss<Uany (see Figure 
1X.1]1). As a result, the capacitor discharge rate at the end of a working stroke 





Figure X.51. Figure IX.16 GPN Circuit Output Voltage Distortions 
Where Uc wus<U. sp oe 


decreases. The approximate form of the output voltage distortions arising at 


this time is depicted in Figure X.5l. 


EXERCISE 1X.10 /501 


a) In the Figure IX.17b circuit, when the capacitor charges, the rise in 
voltage Ur» i. e., the potential of the resistance R right terminal, is transmitted 
across an amplifier with gain K = +1 and source E to the left terminal of this 


resistance. As a result, potential difference at the ends of resistance R and, 


consequently, the current flowing across it remain constant: 


Ug = Const, /, = ~ = const. 
b) These curves are depicted in Figure X.52. Voltage Ur when capacitor 
C is charged from source E across a resistance rises along exponential curve a 
with time constant ww, RC, striving towards value E. When the capacitor charges 
in accordance with the Figure IX.17b circuit, based on the Figure IX.17d equivalent 
circuit, voltage Uc rises alcng exponential curve b with the equivalent time constant 
7 —< , striving towards the equivalent voltage Em x . When K = 0.8, 
%, © Hie, Eg wSE. Given identical working stroke duration ts = const, nunlinesrity 
factor fe decreases by a factor of ‘Hr » while voltage amplitude rises. 
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Figure X.52. Capacitor Voltage Curves When Charged Across Resistance 
R and Using Compensating Pcsitive Feedback. 


The rate of voltage rise at the beginning of the working stroke in both cases 
remais.s identical and equals 


vw ~ ne igs 
t t% 


EXERCISE XI.11 


An increase in resistance R in the Figure IX.18 GPN circuit will lead to 

a proportional decrease in the initial levels of voltage Uces, and output voltage 
Usesace « In addition, capacitor C charging current during the working stroke, 

i. @., the rate of output voltage rise, and, consequently, its amplitude ¢, (where 
‘a = const) will decrease accordingly. Output voltage linearity will rise /502 
and the value of the nonlinearity factor +. = BEA) will decrease. The change 

in resistance R essentially vill not be reflected in circuit recovery time % . 
Therefore, output voltage will correspond to Figure X.53 (R" = 2R'). 


lag LN 
* an * 
f 





Q t (2) 


Figure X.53. Figure IX.18 GPN Circuit Output Voltage Change 
When Resistance R Increases (R" = 2R'). (a) <= Output voltage. 
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EXERCISE 1X.12 


a} When a, = 0 in the Figure IX.19 GPN circuit, capacitor C' voltage would 
turn out to be applied between triode Lo grid and cathode ‘ug = Ugez', while triode 
Lo grid current would arise during the casacitor C' charging process. Here, capacitor 
C' vould turn out to shunted by slight resistance ‘ms: and voltage linearity would 


be reduced radically. 


If one assumes that 4, = 0, the integrator input voltage “a. would be 
absent and, consequently, there vould be no additional output voltage linearization. 


b) Rapid capacitor C" discharge occurs across diode Dd, during resting times 
between control pulses. This explains .:he strict clamping of the voltage XC ume 
initial level. Capacitor C" would discharge across large resistance Ro if this 
diode is absent, which would lead to an increase in circuit recovery time. 


EXERCISE [X.13 


a) for the Figure 1X.20b equivalent integrator circuit, a capacitor charging 
current decrease ip = ip occurs due to the amplifier input valtsge «ms. rise 


E— 
counteracting source voltage E: ig = It is possible to explain the sta- 


bilization of this current and, consequently, linesrizatiw.. of the output voltage 
in this circuit in the following manner. We will assume that the potential of 

the capacitor C left plate (point g) rose by magnitude ‘ua during the capacitor 
charging process. Then the potential of the C right plate (paint a) will decrease 
by magnitude Avsys= —Adug, aS a result of amplifier action. The change in C plate 


potential difference will comprise 


4a, mm Mga — Ategs am datga(! + K). 


hence Suge = The - Consequently, increment 44,, corresponds to increment du 


less by a factor of 1 +K. Therefore, given sufficiently-great magnitude K, the 
ues changes during the C charging process will be insignificant and the current 
maintained is virtually constant and proportional only to source voltage E: 


“oO” ig + = const. The decrease in the range of change of voltage /503 
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“ea and current ip during a working stroke is equivalent by a factor of 1 + K 


ta an identical increase in capacitor capacitance and, consequently, to the integrator 
time cconscant: + = RC(1+K). 


b) These curves are depicted in Figure X.54. Voltage Up rises along exponential : 
Cucve a with time constant 7 = RC, striving towards value £, as capacitor C charges eae 





Figure X.54, Voltage u, at R-C Integrator Output (a) 


and in the Integrator Circuit: at Amplifier Input 4s (b) 
and at Its Output Yeus (Cc). 


and from source E across resistance R. The rate of rise of this voltage at the 
beginning of a working stroke equals Vag stg, (tangent 1), while the nonlinearity 


factor when ¢.« RC tore It is convenient to use the Figure IX.20d equivalent 
integrator circuit to plot the curves of voltages 4s and deur . Voltage ua 

rises alor.g exponential curve b with equivalent time constant «. = RC(1+K), as 
usual striving towards value E. The rate that this voltage rises when t = 0 is 


less by a factor of 1 + K Ve ™ BT = tg2, (tangent 2), and linearity 


th+a) 
¢, 
A= REN TK rises accordingly during the identical working stroke duration. 
The range of the voltage “ss change during a working stroke decreases in comparison 
to an R-C integrator by a factor of K due to the decrease in rate Va. 


Amplifier output voltage repeats the shape of the input voltage, but it is 
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inverted and amplified by a factor of K. Therefore, voltage —u... changes along 
exponential curve c with the same time constant « , but will strive towards 
level Ke. Consequently, the linearity of this voltage also increases by a factor 


fy 
of K; ** ROK eth » but the rate of its change rises by a factor of K and, just 
as was the case for exponential curve a, is determined by time constant [ = RC: 
, KE : 
“er FORT = pe = tts: The amplitude of the linearized sawtooth voltage rises 


accordingly when ts = const. 


c) For a circuit using positive feedback (Figure IX.17b) /504 
. t a —K,) a : 
ie te and = WES for one using negative feedback (Figure IX.20b). 
Comparing these eapressions given identical te , R. and C values, we will get 


1 
1K © 1ER » hence for given value K, = 095:K, = A —isyty 7-2 20. Essentially, 


even one amplifying stage with a pentode plate load makes it possible to obtain 
a siqiificantly higher Ky value. This is explained by the fact that sawtooth 
voltage linearity when negative voltage feedback is used may be significantly 
better than when positive feedback is used. 


EXERCISE IX.14 


Resistance R in the pentode control grid network and capacitor C connected 
between its plate (amplifier output) and control grid (amplifier input) are integrator 
The feedback network connects 

Feedback is negative sinra 


network elements in the Figure IX.2) GPN circuit. 
amplifier output with its input across capacitor C. 
amplifier plate and grid voltages change cpposite in phase and any change in plate 
voltage transmitted across capacitor C to the control grid will counteract the 


cause of this change. The pentode contro] grid across resistance R is connected 
to plate voltage source tos which also plays the role of constant input voltage 


E in the Figure IX.20b integrator circuit. Consequently, output voltage working 
stroke is obtained through voltage +e, integration. 


EXERCISE IX.15 


a) The magnitude of the plate and control] grid voltage negative step at 
the moment of triggering U2) 3 “WU on) may be determined from the folloving 
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circumstances. When the pentode is unblanked with respect to plate current, both 
plate load current and capacitor recharging current i, = ing + in will pass across 
it. At the moment of triggering, voltage drop sua) across resistance Ro and voltage 


drop ES + Wo = ES + sus) across resistance R arise vith a jump (due to the 
W512 negative jump, the potential difference in resistance R increases). Therefore, 
after the step, plate load current, capacitor recharging “urrent, and complete 


plate current, respectively, will equal: 


We, Eg t Wes | Wy , Eg +3U 
Ing @ RE: pst: lga—Re + ie. 


But, the plate current value found may also be expressed usinc transfer 
characteristic slope and control grid voltage resulting after the step: 


fa = S(1 Egu}— AU gu) = S(1 By |= Was) 


Consequently, 


Set 4 Fate ow 51) Epa l—ad 


hence 


Ma = TET SR + She 


fihen resistance R and R. values are sufficiently great, it is possible /505 
to disregard the second term in the numerator and the second ano third terms in 


the denominator. Then we vil! get 


Win | Egn| 


b) A contradiction is only apparent. Actually, in accordance with (1X.34), 
pentode gain must be infinitely great for precise capacitor C discharging current 
stabilization at the operating stage, i. e., for ideal output voltage linearization. 
But, where Kat ae » finite plate voltage changes are obtained for infinitely- 
small control grid voltage increments, i. e., where ug, const. Actually, gain 
always is finite. Therefore, a voltage us decrease must be accompanied by a 


voltage Ug increase, i. e., by a decrease in discharging current l= ait : 
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which also is the reason for disrupticn in output voltage linearity. The greater 
the K value, the higher the current ip constancy, the smaller boundaries within 
which voltage Yor changes during a working stroke, and the higher the output voltage 


linearity. 


c) The curve of the voltage which would result in cathode load impedance 
R. is depicted in Figure X.55. This voltage equals «=, and repeats the 


Figure X.55. Resistance &» Voltage Curve in the Figure 1X.21 GPN Circuit. 


law of cathode current change and, consequently, pentode control grid voltages 

(see Figure IX.2le). But, voltage sw, always will be positive since cathode current 
never equals zero and passes across resistance &. only in one direction--from 
cathode to chassis. Thus, a negative-polarity pulse would be shaped in resistance 
R. during a vorking stroke. This circumstance, as will be explained below, is 


used in a cathode-coupling phantastron. 


EXERCISE IX.16 


a) Diode do, clamps initial output voltage at level U,<£, in the Figure 
IX.23 GPN circuit. Oiode current passes along the network +4) resistance Ro? 
diode D2, "lower" portion of resistance & , chassis (-£,). 


Considering that diode do, is unblarnked only when pentode Ly is blanked with 
respect to plate current and disregarding slight resistance a2, , it is vossible 
to represent the diode connection circuit as depicted in Fiqure X.56. It follows 
from this circuit that a parallel upper diode limiter with positive clipping threshold 
BeeU>q actually is formed with the help of clamping diode 0. 
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Figure X.56. Clamping Diode Circuit Connection Per Figure XI.23. 


wv} The great control pulse vaplitude in the Figure IX.2la circuit (without 
clamping diode) is stipulated by the requirement for cumplete pentode blanking 
with respect to plate current in the initial state. This requirement is lifted 
when a clamping diode is included in accordance vith Figure IX.23 since the flow 
in the initial state of slight pentode plate current does not impact upon /506 
initial output voltage level. Actually, if pentode plate current does not exceed 


value gw farts » then pentode plate potential will be reduced due to the flow 
@ 


of this current to no more than value &— 1gRe = Egat tt Re=l> 5» the clamping 
diode as usual vill be unblanked, and it will place a bound on output voltage 

at given level Us: Therefore, control pulse amplitude may be decreased essentially 
by a factor of 1.5--2 when the clamping diode is used. 


EXERCISE IX.17 


If triode Lo in the Figure IX.24 GPN circurt lost emission, then the capacitor 
C right plate will turn out to be cut off from pentode plate, i. e., the negative 
feedback network will be broken. Therefore, the GPN circuit will turn out to 
be disrupted and there will be no sawtooth voltage shaped at pentode plate (in 
spite of its continuity). The curves of the voltages in the circuit for this 
instance are depicted in Figure X.57. Control pulses unblanking the pentode with 
respect to the third grid will be inverted in the plate network. Voltage Ug) 
essentially will be constant and equal cathode potential (un ™ Q) due to grid 
limiting in resistance R. No current will flow across capacitor C and resistance 


Ry so there vill be no output voltage. 
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Figure X.57. Figure IX.24 GPN Circuit Voltage Curves 
Given a Cathode Follower Malfunction. 


EXERCISE 1X.18 





Figure X.58. Circuit Supplying Initial Grid Potentials 92 and 95 
in a Monostable Screen Grid Coupling Phantastron. 


a) The circuit supplying initial phantastron second and third grid potentials 


depicted in Figure I[X.25 is shoun separately in Figure X.58 for the given parameters. 


We vill consider that capacitance C, does rot exert any influence vuhatever 
on distribution of censtant potentials, the second poles cf supply sources ES 
and E, are connected to "ground" (chassis), and these sources are matched, We 
will examine closed lcop source E-~resistance Resistance Ro--resistance Ra-= 


source Ej-> "ground" (E55 -E,). Current [I vill flow (from E, to Es along vith 


a hese emme oe “2 








eurrent to2 flowing only across resistance Ris is this loop. Therefore, based 


on Kirchhoff's second lav /50? 


Fa + Ey ils + DR, + IR, + IR 


hence 


Eg+ E,— aks 
= 


l=—7 TR 
1+ Ry + Ry 


R Rs, and I 


or, for given values Ee Ey vp Ros g2 


1m 200 + 250 — 3-10-*.20-10" 


0+ 75 + a1 = 0.00327 a 23.27 mA. 


To compute voltage U 2» we will examine this closed loop source E--resistance 


R, --second grid--"ground* (-£,). In accordance with Kirchhoff's second law, for 
the second loop 


Eq = ( + Ier) Ri + Ue 
hence 
Up Eg~ (0 + Uys) B. 
or 
Upr = 300 — (3 + 3.27) 10-4-20-10 = 175 VV, 
To compute valtage U_,, we will examine closed loop "ground" (+6 j)--third 


grid—resistance R,--source E_. In accordance vith Kirchhoff's second lav, for 


this loop considering voltage polarity relative to "ground" 


—&, = Un IR, 
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hence 


Un a=—E,+IR, 


or 


Uga © — 250 + 3.27-10-*.55-108 = —70 V, 


(the pentode is blanked with respect to plate current). 


b) For the Figure IX.25 phantastron circuit, the vorking stroke begins at 
the moment of triggering and ends when linearly-falling pentode plate voltage 
attains minimum value U.suex=l,,,. Therefore, the duration of the working stroke 
generated by the circuit equals the maximum duration of the working stroke for 


the Figure IX.21 circuit and is determined by ratio (1X.42) tamRC. 


c) It is possible to increase either resistance R or capacitance C in order 
to increase interval ‘1 . Im accordance with (IX.37), either will lead to a 
decrease in the rate of the plate voltage drop across the linear sector and, since 
values Us uene = Ee. and U. wse=Usn, TeMain as usual, to a rise in value  . 
Hovever, a capacitance C increase will lead to a rise in recovery time (IX.45): 
he 3CR.- A change in resistance R magnitude (just as that of capacitance C) 
vill not impact upon output voltage linearity, Actually, in accordance with (1X.34), 


the nonlinearity factor equals %. = RKTT or, when fa = RC 


| 
Pe weee = 7 


d) The circuit for a monostable screen grid coupling phantastron with cathode 
follower and triggering with respect to the plate network is depicted in Figure 
X.59. Trigger pulses are supplied to plate across transient capacitor Cy and 
must be of negative polarity. In this event, a negative pulse transmitted across 
cathode follower Lo and capacitor C from plate to pentode control grid elicits 
a reduction in cathode and screen currents. The latter viil lead to a "bump" /508 
in voltage Yoo transmitted across capacitor Cc. to suppressor grid, causing the 
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Figure X.59. Monostable Screen Grid Coupling Phantastron 
With Cathode Follower and Plate Network Triggering. 


pentode to unblank with respect to plate current, i. e., circuit triggering. 
(A negative pulse of voltage u_, arises when a positive-polarity pulse is supplied 


to plate and circuit triggering will not occur. 


A trigger pulse transmitted from control to screen grid is amplified, with 


au 
simultaneous inversion by a factor of Kemet in the screen grid network. 
if 


Therefore, the amplitude of the negative trigger pulses supplied to plate may 
be less by a factor of A» than that of positive pulses supplied directly to 


suppressor grid. 


EXERCISE IX.19 


a) Although plate voltage in a variable delay circuit is not used also as 
output voltage, it is its linearity that provides linear coupling of control voltage 
changes and delay time (IX.50). This clearly can be seen by examining Figure 


IX. 26c. 


b) We will get ty from ratio jtev or, since, in accordance with 


(IX.52), saw amplitude equals 


Ug © vyay = SL's — Ve 


then 
Syep 8a + Use 
t,o eS ee 
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Since aus) = const and U,,, = const, then the second term on the right side 


of this expression is a constant magnitude and, for control voltage increments, 

we will get at, = Atynp « Comparing these this equality with equality (IX.50), 

we will see that the delay control slope is a magnitude op ite to saw slope: 
Keay . But, in accordance with (1X.39) Va te and 


RC 
Ko-F- 


c) Maximum delay time will be obtained when the arm of potentiometer /509 


Ry in Figure IX.26a is shifted to the extreme "upper" position, when 
wren > Usen wore mks « Here, resultant working stroke duration will be identical 

to that in a phantastron with a clamping diode: 2 wene™lsuane*RC . Control voltage 
and delay time decrease when the potentiometer Ry arm is shifted "downwards." 
Minimum delay time equals zero and will be obtained for value Urey went Waite up, 


when te 2 0. 


Resistance Re is included to place a lower control voltage bound at ievel 

Crenwea>Q. In addition, if this resistance is absent, then given the "lower" 
potent iometer Ry arm position, the trigger pulse supply network across transient 
capacitor Cc, would turn out to be shorted and the circuit would not trigger. 


d) The presence of stray capacitances shunting plate--cathode and grid--cathode 
paths vill lead to stretching of the plate voltage steps at the beginning and 





Figure X.60 Stray Capacitance Impact Upon Variable 
Delay Circuit Plate Voltage Shape, 
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end of the working stroke (Figure X.60). Stretching of the negative-going pulse 
arising at the moment the circuit triggers leads to onset of an interval of plate 
voltage ‘te: nonlinearity immediately following triggering. Proportional relationship 
(1X.50) will be disrupted in this interval, i. e., for slight delay time values 


eh, * 


Pusitive-going pulse us stretching upon conclusion of the working stroke 


leads to a slight circuit recovery time increase. 


e) Oiode current and, consequently, the voltage drop across resistance Ro 
will decrease, i. e., a positive plate voltage pulse will arise, when a positive 
pulse acts upon diode D, cathode. This pulse will be transmitted across cathode 
follower Lo and capacitor C to pentode Ly control grid and will cause a cathode 
current "bump" and, consequently, screen grid current (there is no plate current 
since the pentode is blanked with respect to the third grid). The current I 2 
"bunp” will create a negative voltage 4g2 pulse, which will be transmitted across 
capacitor C., to the third grid and across differentiating network capacitor cy 
to circuit output. Thus, a phantastron will not be triggered by positive trigger 
pulse action and a negative pulse will arise directly at the moment of "triggering" 
(this corresponds to false value ts = Q), regardless of the value of the control 
voltage at circuit output. Therefore, it is inadmissible to supply positive pulses 


to circuit input. 


EXERCISE IX.20 


These curves are depicted in Figure X.6la-d, respectively. 


a) Capacitor C charging time constant C tup= CR» i. e., Circuit recovery 
time tew3uey, rises when resistance Ro increases. Output voltage will not 
succeed in attaining level E. by the start of the subsequent cycle (moments t)) 
since the duration of the nonoperating postion of the period does not change 
( (teeops@CatRetreags = CONSE). Therefore, maximum saw level amplitude and stability 
will decrease. Working stroke and oscillation period vill be reduced due to the 
reduction in level U,..., - On the other hand, a resistance Re increase will 





“Boosting capacitance C, reduces the nonlinearity interval to several usec. 
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Figure X.61. Free-Running Screen Grid Coupling Phantastron Voltage Curves 
Where Circuit Parameters Change. 


lead to a rise in pentode gain K = SR. (if the transfer characteristic slope /510 
decrease still has not manifested itself). As a result, the capacitor C equivalent 
discharging time constant w = RC(K+1) will rise, i. e., output voltage linearity 

: will deteriorate. 
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b) Capacitor C. charging and discharging time constants 
crave CrtRert+Rs), tpaspre CiRi+reas! will rise when resistance R, increases. As a result 


of this, the rate of voltage 4g3 exponential changes wiil decrease follewing positive 


and negative steps. 


Stretching of the negative exponential sectors of voltage Ug3 will lead to 
pentode blanking with respect to suppressor grid for a longer time and duration 
of the nonoperating portion of the period will rise. Thus, period of oscillations 
will rise, i. e., their frequency will decrease. Maximum saw level stability 
will deteriorate due to more complete capacitor C charging. Stretching of voltage 
Ugs positive exponential sectors will lead to working stroke linearity deterio- 
ration in most of its sector. Otherwise, output voltage parameters dc not change. 


c) A decrease in capacitor Cycapacitance will lead to a proportional decrease 
in its charging and discharging time constants, i. e., to a rise in the rate of 
voltage u_, exponential changes following positive and negative steps. The pentode 
will be blanked with respect to the suppressor grid for a shorter time as a result 
of acceleration af capacitor c, discharge, i. e., the duration af the nonoperating 
portion will be reduced. Output voltage will not attain level ES since /511 
capacitor C does not succeed in discharging during the short time ( tae» = cr, 
= const). Therefore, saw amplitude and working stroke duration will decrease. 

The period of oscillations will decrease, while the frequency will rise. Output 
voltage linearity will deteriorate in a lesser initial sector as a result of the 


acceleration of the capacitor C, charge. 


d) A resistance R decrease vill lecd to a proportional rise in the capacitor 
C discharge rate (v= Zs) » ip e., tO an increase in output voltage operating 
sector transconductance. Working stroke duration will decrease by an identical 
factor since maximum and minimum output veltage levels will remain unchanged. 
Oscillaticn frequency will rise accordingly. Output voltage linearity will 1emain 
ac usual (vithout cons:deratzon tos the inficence of positive voltage U3 excursions) 


since, at the same time magnitude ‘ts changes, time constant t% = RC(K+1) vill 
change by the same factor and nonlinearity factor = ae will not change. 


An increase in operating sector transconductance will lead to more precise 
registration of the monents of working stroke cessation to due to the increase 
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in the angle at which linearly-falling voltage intersects level Useu, 
oscillation period stability will improve. 


Therefore, 


EXERCISE IX.21 


a) Resistance & in the Figure IX.29 phantastron circuit decreases pentode 
gain with respect to the plate network. As 3a result of this, equivalent time 


constant tw = RC(1+K) decreases, while nonlinearity factor be ROT SE rises. 


Therefore, plate voltage linearity in a cathode-coupling phantastron is not 
as good as it is in a screen grid coupling phantastron. 


b) It is possible to depict the avelanche-like process in a cathode-coupling 
phantastron at the moment the operating stage ceases (when plate voltcge attains 
value (Cees) symbolically in the following ferm: 








é 1 
Supt, —- *4u, <=> beg “Ble “hue 


At e 


ce) This circuit is depicted in Figure IX.62. Delay time is controlled just 





Figure X.62. Cathode-Coupling Phantastron Used as Variable Delay Circuit. 


as it was in the figure IX.26 circuit due to the change in the initial plate voltage 
level  Usewsye, . 
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Positive-polarity delayed pulses are obtained through network C oR, differen- 


tiation of the droop of the negative pulse shaped in resistance & (see Figure 
IX.29c). 


EXERCISE [X.22 


a) These coil current curves are depicted in Figure X.63a and the coil voltage 
curves corresponding to them are plotted in Figure X.63b (the dotted line repeats 
the [igure IX.30 curves). 


The rate of the current rise during a vorking stroke is increased by # factor 
a | 
of 2 if working stroke duration is increased by a factor of 2 (ext), Therefore, 


the voltage “ blanking level height and the steepness of its sloping sector /512 
will be increased by a factor of 2. Obtaining the corresponding changes in the 
shape of the Figure IX.31 generator output voltage while retaining similarity 
condition (IX.58) and value Uease requires that resistance R be increased and 
capacitance C be decreased by the identical factor. Control pulse duration must 
be decreased by a factor of 2. 


The rate of current rise vill decrease by a factor of 2 if working stroke 
duration is increased by that factor (tam 2s) , 


Therefore, voltage # blanking level height and the steepness of its sloping 
sector will decrease by a factor of 2. Accordingly, resistance R in the generator 
circuit should be decreased, while capacitance C should be increased. Control 
pulse duration must be increased by a factor of 2. 


b) Generator output voltage curves for R'<R and R'=R vhen = ¢% = const 
are depicted in Figure X.63c (the dotted line repeats the Figure IX.31 curve). 
A resistance R decrease provides a decrease in blanking level heinht, a rise in 
the steepness of the sloping sector, and recovery time reduction; the opposite 
occurs when resistance R is increased. 


EXERCISE IX.25 


a) A recovery time decrease requires a capacitance C magnitude decrease 
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Figure X.63. For Exercise IX.22. 


(see 1X.68a). But, given a slight capacitance magnitude, the rate of ouptput 
voltage change and thereby amplitude, for the given switching pulse duration, 
significantly will depend upon the temperature-unstable current /w magnitude 
(see IX.60). 


b) Tne safe duty ratio magnitude determined as Ou tito may be /313 


computed if resting time duration ‘ equals circuit recovery time ‘% . formula 
(1X.68a) must be used to determine magnitude « . 


Current gain B magnitude in this formula will be found from collector 
characteristics and input current hoe » while savtooth voltage amplitude 


is determined in accordance with (IX.65). 


Ansver: Q = 3.5. 
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EXERCISE IX.24 


Source voltage E magnitude impacts upon emitter current magnitude and, 





consequently, also on average discharging current value “a= tun ~ he (F igure IX.38). 


Therefore, in accordance with (1X.73), source voltage E magnitude impacts upon 
savtooth voltage amplitude. 


EXERCISE IX.25 


There can be no collector " saturation made if resistance Rk is absent 
from the collector Ln network. The voltage between transistor T collector and 
emitter will change significantly when temperature changes. Consequently, the 
initial capacitor C voltage value vill change. 


Therefore, the transistor Ls saturation mode, including resistance R« in 
the collector network, is used for voltage us temperature stabilization. Selected 


resistance & magnitude is such that the voltage drop across it in the initial 
state vill not exceed 2—3 V. 


EXERCISE 1X.26 


Recovery time will be small if, first, the transistor t bottoming mode is 
used and, second, the smallest possible resistance & magnitude is selected, 


Transistors with a high & value should be used to increase the emitter 
follover transfer constant and input resistance. Use of composite transistors 


in the emitter follower provides gooa results. 


EXERCISE IX.27 


The collector voltage step is not compensated for since the amplifier turns 
out to be blanked when the switching pulse ceases. 
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CHAPTER XI /514 
ATTACHMENTS 

ATTACHMENT 1 

1. Pulse Signal F requency Spectra* 


A pulse signal may be represented as the sum of the harmonic functions of 
time--cosinusoidal and sinusoidal components. 


The combination of these components is called the frequency spectrum and 
the individual components are called harmonics. 


An infinite trigonometric Fourier series determines the frequency spectrum 
of a periodic video pulse train (1.2) and, for pulses of unit amplitude (U = 1), 
may be written in the form 


WE AT) Um + SD Lig con iKQgt — 99). (X11) 





“The strict spectra theory is presented in widesoread special literature (see 
L-5 for example). 


“Where U=s 1V and wee f(t). 
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* 
where l.. -- d-c component equal, in accordance with (1.5) la Fabre ae 
0 


Q akkf, = = =-- angular pulse repetition frequency [(PRF]; 


K == harmonic number; 
Uy -- amplitude; 
ga -- initial phase of the k=th harmonic. 


Its K number determines the frequency of each spectrum harmonic and equals 

Q.=xa, 3 the first (fundamental) harmonic with frequency #8. corresponds 
to value K = 1; the second harmonic with frequency 22, corresponds to value 
K = 2, and so on. Thus, the spectrum of a periodic train of video pulses will 
comprise an infinitely-large number of harmonics, whose frequencies are the squares 
of the PRF. Since it will not comprise harmonics of other frequencies in this 
spectrum, it is a d:screte (line) spectrum, while the frequencies of any two adjacent 
harmonics are separated by interval tm=Q. , 





0 2 22, 39, 19,59, 2, w 


Figure 1. Approximate Form of the Amplitude (a) and Phase (b) 
Spectra of a Periodic Train of Video Pulses. 


The approximate form of the amplitude spectrum (combination of harmonic 


amplitudes) and phase spectrum (combination of harmonic initial phases) of a periodic 


train of video pulses is depicted in Figure 1. 


637 





The concept of the complex amplitude of the k-th harmonic “2s aly usually 


is used to determine harmonic amplitudes and initi3l ohases. 


A complex amplitude is expressed by pulse Signal parameters vith integral 


ratio 
r 


a 
oe ~AQw at. 
ly, = a frm a 


(XI.2) 


It is more convenient to determine the continuous envelope of comalex /515 
amplitudes as a function of the current value of frequency (/ instead of computing 


complex amplitudes ¢. (i. e., values tl, and @ ): 


‘gs 


s 
Oop oe Uy ear) Ee (X1.3) 
: ; 


Modulus U( W') and argument P U/) of this expression are the envelopes 
cof the amplitude and ohase spectra, respectively (dotted lines in Figure l.). 
Finding these envelopes and knowing PRF w., it is possible when necessary simply 
to establish the internal spectrum structure: the ordinates of functions U( W } 
at points «we «ill provide the amplitude values of individual harmonics U, , 
while the ordinates of functions D< C/) at these same paints will provide the 


values of their initial phases we, 


We vill note that, in accordance vith expression (3), vhere W:9 


r 
» § 


U ity « comely Udo ew WU (X1.4) 


Pulse duration usually 1s limited at the zero level and, since f{t) = 0 during 
resting tires, it is sufficient to accomplish inteyration in expressicns (XI.2) 


and (XI,3) only vithin the limits of pulse duration 4s 


' 
Clo) = Fr sane at (XI.5) 
"9 


As an example, ve will find the spectrum of a periodic train of square pulses 
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with a unit amplitude. For a square pulse, representing it in the form of a precise 
function of time in accordance with Figure i.2 we have 


te tn 
~seotectse. 
ol! METS Fee e (x1.6) 
0 the rest of the time 
Therefore, based on expression (XI.5), we will get 
+ 
T te ‘ i 
, 2 om 2 (nt. je ) af gn te, 
Ula) = J cma a aye \0 e eT 7 
“7 
or, using ratios TesQte, emt (Q -- duty ratio, f -- current frequency /516 
value in Hertz): 
(X1.7) 





( Toajen] 







1 Fy he & 
Figure 2. Amplitude (a) and Phase (b) Spectra of a Periodic Train 
of Square Video Pulses with Unit Amplitude with Q = 3. 


A graph of modulus U(f) and argument Dir) of this function for value 
Q = 5 are depicted by dotted lines in Figure 2. 





“Based on the Euler formula, oer 


ae Yoo aca 





| 
| 





The first graph shows that the spectrum harmonic amplitude envelope decreases 


non-monotonously with a rise in frequency, periodically reverting to zerc at points 


_ m 
Ce line TP Be ale ade 


The second grap demonstrates that harmunic initiai phases change with a 
jump by T at these same points.* 

‘ F adic | : : . 1 

Since PRF “*"7r™"@rr, then the first harmonic frequency is F,= => 

e 


3 eo", 3; the third is Fy 3h, = » which coincides 


when Q = 3; the second is ; 
s 


with the point at which the spectrum envelope reverts to zero for the first time; 


KY) 
multiple-three harmonics are absent in the spectrum. 


the fourth is Fad, a, and so on. Consequently, the third, six, and other 
= s 


We will investigate the part various spectrum components play in shaping 


the initial pulse train. 


To do so, ve will determine and sequentially sum the d-c component just for 
the first four harmonics of the spectrum found. In accordance with Tigure 2 graphs 
(or with direct substitutien of corresponding frequency values FieXF, inte /517 
expression (XI.7)), ve will get: U(O) = 0.66; U, = 0.55; P, = 9; U,™ 0.27, 
¢, = 0; U, = O; U~ 0.14, P, = JT . Consequently, considering (X1.4), the 
d-c component equals Ueto , while, im accordance with (XI.1), the ex- 
pressions for the first, second, and fourth harmonics (the third harmonic is absent) 


will be written in the form 
a, = LU’, cos (Qef — 9) w 055 cos Jeff a 0,55 cos Bd t 
a 
by » U,c0s (22gf — Fy) m 0.27 wus O2F yf we 0.27 cos ae t 
s 


a, @ U, C08 (40 ef — 9) we 014 c08 (22% — 2) oe — O14 cos = t 
s 


Serial summing of these components is done in Figure 3. The dec component, 
the first harmonic, and their sum are depicted in Figure 3a. The second harmonic 
is ac.ded to this sum in Figure 3b. The fourth harmynie is added to the sum of 
the d-c component and the first tvo harmonics in Figure 3c. The initial train 


*At points fa ® (m zl, 2, 3, . . «), Seftgmtinme nw and changes sign. 
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of square pulses where Q = 3 is depicted in Figure 3d for evaluation of the result 


obtained. 









Ug U, COS Dg + Uy cDSZQgt 
LV U, OSA Qe H) 


Figure 3. Reconstruction of a Periodic Train of Square Video Pulses 
with Q = 3 with Frequency Spectrum Component Summing. 


It is nov possible to draw the following conclusions. The dec component, /518 
as already demonstrated above, determines only the average pulse signal value 
for the period and does not impact spon pulse shape (should it be absent, the 
entire signal would only shift "downvards" along the vertical by value Us. ). 
The first harmonic provides a somewhat coarse framevork for the pulse signal and 
determines PRF, Addition of the second harmonic increases pulse steepness and 
"frees" resting times, resulting alrzady in formation of a smooth (almost bell-like) 
The impact of the fourth harmonic, which acts opposite in 


pulse train shape. 
= 1; manifests itself in a further 


phase to the first and second harmonics ( 4 
increase in the rate of pulse rise, as well as in the flattening of their tilts. 
Hovever, pulse shape after its addition still is far fren square, and oscillating 


voltage remains in the resting times. Final pulse sheping, formacion of vertical 
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porches and flat tilts, will occur due to all remaining spectrum harmonics we 

have not considered (fifth, seventh, eighth, tenth, and so forth). it is apparent 
that the shaping of radical pulse envelope breaks ("corners") and steep porches 
may result from action only of voltages changing rapidly over time--high-frequency 


harmonics. Consequently, precise reproduction of the pulse shape requires summation 


of the entire infinitely-large number of the harmonics of their spectrum. 


We will explain briefly the overall relationships of envelope shape and spectrum 
structure to periodic pulse signal parameters using our example (see Figure 2). 


It follows from expression (5) that only pulse shape f(t) and duration t. 
determine the form of the spectrum envelope and it will not depend on PRF Fas 


9 
Actually, due to factor 7 » when there is a change in frequency fs (repetition 


f requency Te ), the amplitude of all spectrum harmonics vill change pro- 


portionally, as will the frequency interval s/,eF, between adjacent harmonics-- 
spectral energy distribution. The shape of the spectrum envelope (both amplitude 


and phase) does not change. 


Intervals betveen adjacent harmonics increase with a pulse repetition increase 
(period rT, decrease), i. e., the spectrum will become more clearly defined or 
"more transparent", while harmonic amplitudes rise. On the other hand, given 
a repetiiion frequency decrease (period %% increase), intervals between adjacent 
harmonics decrease, i. e., the spectrum wil) become "denser," while harmonic 


amplitudes decrease. * 


The relationship of the spectrum envelope to square pulse duration is evident 


from the folicyving. Point fer, at which the spectrum envelope reverts to 


zers for the first time, withdravs to the high-frequency range when there is a 





*In the range where fe~-0(7,-=), ve vill convert from a periodic train of 
video pulses to a single video pulse. Here, intervals between harmonics 4/. 
and amplitudes of all harmonics vill becom? infinitely small. Thus, the sum of 
an infinitely-large number of harmenic components infinitely small in amplitude 
and infinitely close in frequency may repres2nt the single pulse. In other vords, 
a single pulse has a continuous, rather than a discrete, spectrum comprising the 
harmonics of all frequencies. 
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decrease in pulse duration ‘s . Here, the first and all subsequent "lobes" of 
the spectrum expand. In the rance where t=O fae @ and the amplitudes of 


all spectrum harmonics turn out to be identical. Consequently, the spectrum of 
a pulse of infinitely-slight duration is uniform in the entire frequency range. 


All points faz in which the spectrum envelope reverts to zero, shift 


towards f = 0 when pulse duration increases, i. e., the spectrum will become narrover 
and is concentrated in a band of lower frequencies. Where ‘> © ~70 , the 
spectrum of an infinitely-long pulse (if the latter is a precise function /519 

of time) degenerates into a d-c component. This is natural since such a pulse 

is constant voltage, which may not contain harmonic components. 


It is possible to demonstrate that, for any other pulse shape as vell, pulse 
spectrum width Af, is coupled with its duration by inverseiy-fxoportional relationship 


‘4g (XI.8) 


vhere b -= factor depending on pulse shape and the method (level) used to compute 


fe and Sf. 


The concept of spectrum width requires refinement since, theoretically, pulse 
spectra are limitless with respect to frequency. Spectrum width usually is determined 
from power considerations as the band of frequencies adjacent to point f = 0, 
in which the overwhelming portio: of complete pulse energy is concentrated,* 

This band is referred to as the spectrum active power width or intrinsic amplitude 
band. Thus, for example, taking the width of the first lobe (it will comprise 


more than 90% of pulse energy) as the square puise spectrum width, we obtain 


V, =z l Tonsequently, af, = 10° Hz when tf = 1] usec.** 


The spectrum envelope ru. Wlses of another shape has another form. However, 





*Enargy transferred by each harmonic is proportional to the square of its 
amplitude. 


**Such a significant video pulse spectrum width, in particular, explains why 
high-frequency feeders are used for their distortionless transmission. 
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the overall tendency towards a decrease in harmonic amplitudes with a rise in 
frequency (harmonic numbers) always is preserved. This is coupled from the physical 
point of view with the fact that the nain part of the pulse signal energy always 

is concentrated in the low-frequency band of the spectrum and, with an increase 

in the frequency of the harmonics, their power "contribution" drops. This is 
stipulated mathematically by the influence of multiplier e~™ in expression 

(XI.5) on the integration result. Actually, in the low-frequency band, for which 
condition ~~‘. .1! is satisfied, i. e., 


! jot | 2 ‘ 
e —_— , = 
« t,' e zl ¢ U(e) z= a dt = const. 


harmonic amplitude essentially is constant and equals double the d-c component 
value. 


Harmonic amplitudes decrease in connection with the nature of the functicn 


e“™ change when frequency increases, when the latter's value U/ will equal 


Square pulses have a broader spectrum. This is explained by the role of 
high-frequ2ncy harmonics in shaping of vertical porches and flat tilts of such 
pulses (see Figure 3). S8ell-shaped pulses (see Figure I.2g), a shape described 
by function /(t) me (Gausse curve) without breaks and linear sectors, have 
the most concentrated spectrum. The spectrum of such pulses is narrower by a 


factor of approximately 2 than the spectrum of square pulses. 
ATTACHMENT 2 /520 
PULSE CEVICE LINEAR AND NONLINEAR ELEMENTS 


Categorization of all pulse circuit elements as linear or nonlinear is critical 
for analysis of physical processes in pulse devices. 





“Function «7 is periodic -/" =coswt—ysmet with modulus 


- arab cfu aos e . 
le" | a color ena =| =. Where fete and frequency / increases, harmonic 


amplitudes decrease in connection vith the decrease in the area of cosinusoidal 
and sinusoidal component half-cycles. 
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1. 7 


Linear elements are those characterized by the independence of their parameters 
from the magnitude of the voltage applied to them and the current passing across 


(a) (b) 


° Figure 4. Volt-Ampere Characteristics of Linear (a) 
and Nonlinear (b) Elements. 


them. Therefore, the volt-ampere characteristic of a linear element--relationship 
is P (u)--is a straight line (Figure 4a). The linearity of this charac‘eristic 
signifies the constancy of ratio ar equalling element resistance, i. e., the 
validity of Ohm's law. Three types of linear elements exist: resistance R (elements 
in vhich accumulation of electrical energy is impossible and only its conversion 

into heat energy occurs), capacitance C (elements capable of accumulating the 

energy of an electrical field), and inductance L (elements capable of accumulating 


the energy of a magnetic field). 


R, L, and C descriptions and units of measurement, their designations in 
circuits, basic integrodifferentiating ratios characterizing these elements, 
expressions of their a-c resistance, as well as their characteristic properties 


in fixed and transient modes, are depicted in Table 4. 


Capacitances and inductances, being reservoirs of the energy of electric 
and magnetic fields, respectively, exert a decisive impact on the nature of transient 
processes. Therefore, we will dwell on the table's last two entries. 


In a capacitor, electrical field energy is stored between its plates and 


2 
equals ae » where Ue = capacitor voltage proportional to the charge 


(amount of electricity) q in its plates seat - Since energy Wy vill depend 
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(y) (aewcm) 


KEY: (a) -- Element and its conditional designation in circuits; (b) -- 

Units of measurement; (c) -- Name; (d) -- Dimensions of a quantity and ratios; 
(e) -- Designation of nominal value in circuits; (f) -- Basic equat ions*; 

(g) -- Resistance to a-c; (h) -- Impact upon network fixed mode; (i) -- Impact 
on transient processes; (j) ~— Resistance R (resistor); (k) -- ohm; (1) -- 

iv 

ohm = T Th} 
Does not pass direct current I. = 0; (o) -~ Kilonhm (X ); (p) <- ‘Nexabn 


(m) = Creates voltage drop Ups clips current value ip 3 (n) -- 


(M)3 (q) -= Capacitance C Cimeitowls (r) -- Farad (F); (s) -— Microfarad 
(mF); (t) -- Ficofarac (pF); (u) -- Voltage up steps are impossible; Cv) 


-- Inductance L (inductance coil); (uv) -- Henry (H); (x) <= Millinenry (mH); 


(y) -- Microhenry (uH); (z) -=- Not notated; (aa) -- Voltage drop UL = 0 absent; 


(bb) -= Voltage iy jumps are impossible; (cc) -- a x sec. 


“Initial voltage and currert values (where t = 0) are designated U(Q) and 1(0), 
respectively. 
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on charge q magnitude and is not coupled with movement of charges, i. e., with 

the current passing across the capacitance, it has the nature of potential energy. 
We now will assume that capacitor voltage instantaneously changes by value au. 

Then the energy stored in the capacitor also must change instantaneously by a 
magnitude proportional to au. But, an instantaneous change of this energy requires 


infinitely-great power (current across the capacitor): where /522 
M+0P,= are = Se + 30 » which is physically unrealistic. Cansequently, the 


amount of electricity and capacitance voltage may rise (when C charges) or fall 

(when C discharges) only gcadually. This signifies that capacitance voltage steps 
physically are impossible. It is precisely as impossible, for example, instentan- 
eously to change the water level in a tank: that would require creation of an 
infinitely-large stream of water filling or draining the tank. Given any realis- 
tically-constrained inflow or outflow of water, its level will cnange only gradually. 
An important result flows therefrom: distortionless voltage steps in a network 


SERIE ey 


bf 


are transmitted across a capacitance. 


Actually, in any closed network, input and output terminals separated by 
capacitance C (Figure 5a), in accordance with Kirchhoff's second law, must satisfy 


Ue 


Cte 
fy tt ag 


— 


(a) 4) 


Figure 5. for Transmisg .on of Voltage Steps 
Across a Capacitance and Inductance. 





CONditiON su peuctuens + If input voltage «nanges with a jum> by magnitude Mor, 


then, since voltage us may net change irstantaneously, output voltage also must 


change with a jump by magnitude IUeureiWer. 


Magnetic field energy in an inductance coil is stored in surrounding space 


Li 
and equals wwe : 


Since this energy will depend on current passing across 
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the coil, i. e., on the rate of charge displacement, it has the nature of kinetic 
energy. Therefore, current steps passing across an inductance physically are 
impossible. They also would require infinitely-great pover in the network: 


Aw dw 
M=0P, abate - It is precisely as impossible, for example, instan- 


taneously to change the speed of a moving body pussessing specific kinetic energy. 
An important result flows from this fact as well: voltage steps may not be 


transmitted across an inductance. 


Act-ally, in any closed network, input and output terminals separated by 
inductance L (see Figure 5b), in accordance with Kirchhoff's second law, must 
satisfy condition “es™u:+deur . If input voltage changes with a jump by magnitude 

SUss , then, since current iL may not change instantaneously (al, = 0), a step 
of output voltage also is impossible (3U.u:=A/.8,=0) . Here, an input voltage 
step is compensated for completely by a voltage step in the same inductance 4U.,=4U,,. 
which balances self-induction emf (,e—lobens, arising in the inductance. 


It should be noted that, since there are stray capacitances and inductances 
in any real network, transient processes may not occur instantaneously in the 
network. This, in particular, explains the inability to shape, transmit, and 


amplify pulses of an ideaily-square shape. 


The relationship of nonlinear element parameters to currents and valtages, 
i. e., they have nonlinear valt-ampere characteristics (Figure 4b), characterizes 
nonlinear elements. Therefore, we vill not apply Ohm's law to nonlinear elements, 
These include vacuum tubes, ion and semiconductor instruments, and saturated-core 
inductances. It should be noted that, in many instances, when amplifying pulse 
signals, for example, nonlinear elements are used in the region where their 
volt-ampere characteristics may be considered to approximate linear characteristics. 
In other cases, in pulse -mplitude clippers and pulse generators, for example, 
nonlinearity of the characteristics of these elements, on the other hand, plays 


a determinant role. 


Networks comprising only linear elements are referred to as linear networks, 
while networks containing nonlinear elements are referred to as nonlinear networks. 
The difference in these networks, from a mathematical point of viev, is that processes 
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in linear networks are described by differential equations with constant coefficients, 
while those in nonlinear networks are described by differential equations with 
variable coefficients. The applicability of the principle of superposition to 
linear networks is their basic characteristic property from the physical point 


of viev. 


Qverall, the principle of superposition (also referred to as the principle 
of independent action) may be formulated in the following manner: in a linear 
system, the resultant effect of the sum of the actions equals the sum of the effects 
caused by each action. Consequently, if any number of independent emf connected 
in any manner act upon a linear network, then the resultant current and voltage 
in any network element equals the algebraic sum of the individual currents or 
voltage drops caused by the action of each emf. The principle of supesposition 
is the basis for superposable methods of linear system analysis, whose essence 
is that a signal of complex shape acting upon a linear system input is the sum 
of the elementary standard signals, after which the system output signal (reaction, 
response) will be found as the sum of system reactions to all elementary signals. 


The method of frequency analysis and the method of tramsient characteristics 


are fundamental superposable methods. 


Kirchhoff's laws, the concepts of voltage and current generators, and the 
equivalent generator theorem also lie at the foundation of linear network analysis 


as a result of the principle of superposition. 
ATTACHMENT 3 


EXPONENTIAL PROCESSES 


The differential equations of linear networks comprising one reactive element 


(capacitance or inductance) will be reuuced to the form 


ax 
“a ty. (XI.9) 


where x = x (t) -= desired time function (the law of ctange of voltage or current 
at netvork output); 
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y = y (t) <= known time function describing the action of external effects 
on the network (of applied voltage or current); 

T -- constant coefficient depending only on the parameters of a 
network having a time difference and referred to as network 
time constant. 


If, at moment t = 0, the network is subjected to a switching drop (step change) 
of constant voltage or current, then a transient process arises in it described 
by general solution of equation (XI.9) for y = Y = const. This solution is written 
in the form 


t 
z(t) 2 X (00) + [X(0) —X (mye *. (XI.10) 


where X (1) -- initial (for t = 0); 
X (CO) — final (for t = C@ ) value of the voltage or current at network 
output; 
e = 2.718. . . == logarithm base. 


If a netvork short circuit occurs at t = 0, then X (QO) = 0 and, based on 
(X1.10) we obtain 


t 
| thea Xe * (XI.11) 
' 

| 

If this network 1s connected to a constant voltage or current source, then, 


given zero initial conditions, i. e., when X (0) = QO, based on (X1.10) we obtain 


t 
z 


Je (XI.12) 


tie Nive), le 


The graphs of functions x, Ct) and x(t) are depicted in Figure 6. In the 


first instance, they are falling and, in the second instance, rising exporential 






curves. 


t 


Funct ion x(t) has initial value X(Q) (where t = 0, e¢ “a; ), and then 
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Figure 6. Graphs of Exponential Functions. 


monotonously decreases, asymptctically striving towards zero at infinity (where 


towne -1). 


win 


Function x, (t) at the initial moment in time equals zero (where t = 0, 
“* 26), then morstonously rises, asyntotically striving at infinity to value 


‘ 
e 


t 
X (00) (uhere 120 it—e *-1). The magnitude of the degree indicator -> for 
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jiven moments in time t determines instantaneous exponential function values. 


ipproximate values of these functions computed for different moments in time expressed 


M unities of the time constant are depicted in Table 5. 













fable > -Dewe npouecca , e | nh 
(a) : : ‘ ' . 
| 
ath ) 0,368.40 O.435.X 40) 9,05.X (9) G.018X (0) | 6,007." .0; 
aye 0.632. (0) | 0,865.¥ (20) | 0.95X (a2) | 0,982X (00) | 0.993.% (c0) 
| 








KEY: (a) -= Process time t. 


Data from this table may be used for approximate plotting of exponential 


turves with respect ta the points. I[t is evident fram the table tnat the time 


sonstant equals the interval during vhich function x(t) decreases to value 
}.368X(0) (by a factor of e) or function xo(t) rises to value 0.632X( CO) (by 


-' y 


2 factor of l—e ye 


The rates of change of functions x, Ct) and xo(t), respectively, equal: 


t 
ds on XO os dx, t ae 
Be eT. ye SE A (XI.13) 


i. @., in both instances they decrease monotonously with respect to magnitude /526 


2lso by an exponential lav. The instantaneous magnitude of this rate in the graphs 


‘the slope of the exponentia. curves) equals the tangent of the slope of a tangent 


line draynm to the exponent 3t a given point: V = tg CX. The maximum value of 


the rate is obtained at initial moment in time t = 0: 





Van us wiga (XI.14) 


(Vi weee! = retgat te (ye [Vinee @ 


yhere tga, -- tangent af the slope of the tangent line to the exponent at the 


; 
init:al point ash) ; 


Therefore, tame constant 7 may be determined graphically as the magnitude 


of the subtangent line to the exponential curve ‘Figure 6). 
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as. 


—~ 


Theoretically, transient processes described by exponential functions will 
last an infinitely-long time. In practice, the accepted duration of tnese processes 
equals the time interval up to the end of which expcnential functions still differ 
slightly from their steady-state values X( ©). An often-used transient process 


duration equals 


taeper (X1.25) 


(in accordance vith Table 5, ec moment t = 37 » exponential functions differ 


from their steady-state values by only 5%). 


ixpanding term e into a Naclaurin series, ve obtain 


afs 


’ 
-~+ t ty 0 ts 

2 — ee _— — 
e Sel- Setar prt aS 


Where =<! in this expansion, it is possible to disregard all terms, beginning 


with the third, due to their insignificance compared to the second term. Therefore, 


wnitial sectors of exponential functions in region t< T may be approximated 
semevhat by straight lines (by tancent lines at the initial points): 


4 
iy 
4 


fy (t) = X (20) (XI.16) 


4, () @ 4 (0) [i-+ 


This stipulates use of the initial sectors of exponential curves as lineariy- 


changing voltages ‘currents). 


ATTACHMENT 4 


VOLTAGE AND CURRENT GENEPATORS, SENERATOR-LOAD MATCHING CONDITIONS 


Electrical signal energy sources always have a certain amount of irternai 


resistance 2, . For convenience in circuit analysis, this internal resistance 


conditionally 1s depicted outside uf the source itself, connecting it either in 


series vith the source or in parailel to it. In the first case (Figure 7a), the 


source :s referred ta as an emf or voltage generator relative to load imp-“ance ak, . 


Here, zera intomal resistance is ascribed to the emf generator itself so that 


source emf f. does not depend cn load impedance magnitude. In the second case 
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‘Figure 7b), the source is referred to as a current generator. Here, infinitely- 
large internal resistance is ascribed to the current generator itself so /527 
that current 7. supplied by the source does not depend on the load impedance 


Magnitude. 


Both source depiction methods are equivalent for an external network (they 


provide identical load current and voltage values) if 


Ie Be (X1.17) 


Actually, load current for an emf generator equals Ie ge . For a current 


generator, lead voltage equals 7", = 1, ee and, consequently, load current 
e cs 





_eats/, oes . Equating current / values for both cases, we abtain 


y fence fre R- 4 


The concepts of emf and current generators are used widely for vacuum tube 
and semiconductor instrument representation by equivalent circuits in the linear 


Tegion of their characteristics. 


The power an emf generator supplies to load (consumed load) equals 


; ERs 
Fos Res RE Rar 


Investigating this function to the maximum (differentiating it with respect 
to p, and equating the resultant derivative to zero), we vill find that this 


pever will be maximum if 


R= Ry (XI.18) 
# E} 
and will comprise  Paysee@ —p- -- half the generator pover Prem Ely m —<R-. The 


Re 


second half of the generator pover is consumed in its internal resistance Rr oe 


Condition (18) is referred tc as the gen.rator-load matching condition. 
This condition must be supplemented by the condition of mutual reactive component 
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compensation, given presence of generator and load reactive component resistances 


in a-c systems: 

Kem nm hy (XI.18a) 
ATTACHMENT 5 /528 
EQUIVALENT GENERATOR THEOREM 


We will assume that there exists a linear network comprising emf sources 


and having tvo cutsut terminals aa to which load impedance & is connected (Figure 


Auneduan 





Figure 8. For Formulation of the Equivalent Generator Theorem, 
(c) -- Linear network). 


8a). In accordance with the equivalent generator theorem, equivalent generator 
voltage «, with internal resistance & may represent chis network (F igure 8b). 
The electromotive force of the equivalent generator is determined as the voltage 
at network output terminals when the load is cut out (idling voltage), while its 
internal resistance & is determined as netvork output voltage which the load 
"sees" confronting it. Source internal resistances must replace all emf sources 
in the netvork in order to compute resistance e, 3; here, sources whose interral 
resistence is not considered (accepted as equalling zero) are short-circuitec, 
Use of the equivalent generator theorem makes it possible simply to compute ioad 


impedance current and voltage by the formulas:* 


i, = Se ; wy = uRe 
* Ror Ra . R, + Re (XI.19) 


“Generally, resistances # and &, may be complex. 
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Proof of the equivalent generator theorem is based on the principle of 


superposition. 


This theorem is used often in pulse technology to compute complex charging 
(discharging, recharging) network time constants of capacitances and inductances. 
Here, the points at which a capaci’ ice or inducatance is connected tn the rest 
of the circuit usually are used us “quivalent generator output terminals, thus 
leaving all emf sources and resistunce3s in the equivalent generator. It is sufficient 
for network time constant computat:ar :¢ determine only resistance Rk, , which 


will be the equivalent resistance in -ne charging (discharging, recharging) necvork. 
ATTACHMENT 6 (529 
LINEAR NETWORK FREQUENCY CHARACTERISTICS 


Res:stances of capacitances and inductances to a-c will depend on frequency. 


Therefore, linear netyor<3, which are comprised of these elements, possess 


o~, 
(8) wee Rude Kiwre | lt rene 


K(u) 





Figure 9. Linear Four-Terminal Network fa), Its Amplitude-Frequency (b), 
and Phase-F requency (c) Characteristics. 


frequency-selective properties, i. e., they react differantly to the harmonic 
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d 
sf 
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effects of different frequencies. Frequencsy- selective properties are evaluated 
with the aid of network frequency characteristics. Examination of this question 
requires that we represent the linear network in the most general form by a linear 
Four-terminal network (Figure 9a). We will assume that harmonic voltage C's’ 

is supplied to the input of this four-terminal network. Here, Cao /'.e7 7 a 
complex amplitude, Us, -- real amplitude, Ges -=- initial phase, wade} <= 


input voltage angular frequency. 


Harmonic voltage Curse of identical frequency (/ also arises in the steady- 
state mode at four-terminal aetwork output but, overall, with a distinct complex 


amplitude lsas= (ye “er, i. e., with another real amplitude Usews, wid with 
initial phase eu. . If now only the frequency of the input voltage is changed 
(where Csesconst ), then the complex amplitude of the output voltage, i. e., its 
real amplitude and phase, also will change, thus being a function of frequency, 


i. Coy Usurelialsus™ U (ors yee Peut 
The ratio of harmonic voltage complex amplitudes at four-terminal output 


and input to the frequency function is referred to as the system complex frequency 


characteristic: 
U (oteus U1 tw), few nme! 
a a AM nus Ser (XI.20) 


The modulus of this characteristic, equal to the ratio of output and /530 
input voltage real amplitudes to the frequency function, is referred to as the 


amplitude-frequency characteristic (abbreviated ACiiKh): 


A vot logs, 4 (XI.21) 


The argument of the complex frequency characteristic, equal to the phase 
shift (difference) between output and input voltages in the frequency function, 
is referred to as the phase-frequency characteristic (abbreviated FChKh): 


(XI. 22) 


vie) © F iwlous — Fae 
If the comwolex Frequency characteristic, using the algebraic form of writing 
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‘a complex number, is written in the form K(s)=A(s) —;B(e), then the AChKh and FChKh 


values, respectively, will be found from the formulas: 


: cee B iw) 
K (w) Ayes + Beye 
orm YAW) to) (o) = arcle (X1I.23) 





A possible form of the frequency characteristics is depicted in Figure 9b, c. 
Knowledge of these characteristics makes it possible, with respect to known 
harmonic input voltage amplitude, phase, and frequency, to determine harmonic 
output voltage amplitude and phase. Actually, based on (21) and (22), we obtain: 


CU lwrege © K iwi Lys, FiSlous ee + H (). 


where K( W') and C( U/) == AKhCh and FChKh ordinates corresponding to input 
voltage frequency ies Thus, linear system frequency characteristics completely 


determine pzs--7e of the harmonic voltage of any given frequency across the system. 


As shown in Figure 9b, the amplitude-frequency characteristic generally may 
have "dips" (reductions) in the lov-frequency ( U/ <7 L/,) and high-frequency 
band ( L/ > lJ,)- An AChKh "dip" in any frequency band demonstrates that the 
transmission across a given network of harmonic voltages of these frequencies 
eccurs vith a relative decrease in their amplitude. Bandvith 412 — the band 
of frequencies within which AChKh ordinates decrease relative to its maximum value 


by nc more than a factor of YT , is an AChKh resporse criterion.* 


Consequentiy, bandwidth is restricted to frequencies whose AChKh value is 
K iwicae - 
“Tr = O1.70¥ iwrsne . These are referred to as the upper- (#' and lower- 


(ws) frequency limits, respectively. The weaker the expressed network frequency- 


selective properties, the broader the bandwidth, and vice versa. 


Examining the movement of the phase-frequency characteristic in Figure 9c, 
ve wili note that its positive values (D (U/) > 0) correspond to output voltage 
phase lead, while the negative values ( Di L/)<< 0), on the contrary, correspond 
to output voltage phase lag (delay) relative to input voltage. 





“Determination of bandwicth at any other, predetermined, level also is possible. 
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ATTACHMENT 7 /531 


ESSENCE OF LINEAR CIRCUIT FREQUENCY ANALYSIS. PULSE DISTORTIONLESS TRANSMISSION 
CONDITIONS. LINEAR OISTORTIONS 


Linear netvork frequency characteristics (21) and (22) completely determine 
the passage of a harmonic oscillation of a given frequency across the network. 
But, any pulse signal may be represented by its own frequency spectrum-in the 
form of the combination of the harmonic oscillations of different frequencies 
(see Attachment 1). Since the principle of superposition is valid for linear 
systems, it is possible to examine the effect of each spectrum harmonic independent 
of the action of all other harmonics. Therefore, finding the frequency spectrum 
of a pulse signal acting upon a linear network input and knoving its frequency 
characteristics, it is possible to find the result of the effect of each spectrum 
harmonic on this network. It is evident that each harmonic with frequency Ww 
during passage acress a linear network will change in amplitude by a factor of 


(a) 


A* const 





Figure 10. Ideal Distortionless Linear Network Frequency Characteristics. 


K( Ww} and displace in phase by angle P ( l/)).* As a result, a combination 
of harmonic components, which forms the output signal frequency spectrum, arises 


*In principle, it is impossible for the harmonic of rew frequencies to appear 
at linear network output since the frequency of each harmonic does not change. 
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at network output. Finding this spectrum, it is possible to use it to determine 


the output signal itself as a function of time i()eus 


It is evident that the signal at network output vill be similar to the signal 
at input fiteus ~/itieey 1+ @, distortionless transmission of pulses across a linear 
netvork vill occur if the spectrum at network output will turn out to be similar 
to the spectrum at input, i. e., if amplitude and phase ratios between all spectrum 
harmonics remain unchanged during passage across this network. But, this requires 
that the network amplitude-frequency characteristic be expressed as a constant 
magnitude, i. e., that the bandsidth be infinite, while the network phase-frequency 


characteristic must be linear and pass through the origin of the coordinates (Figure 


10): 


K (0) = K se const (49 = 20}. 
¥ (a) = lhe, 


(X1.24) 
where ty -- tangent of the AChKh slope to the frequency axis. Actually, AChKh 
constancy in the ertire frequency band denotes that the amplitudes of all spectrum 
harmonics change by identical factor K during passage across the network. FChKh 
linearity denotes tnai the time delay of all spectrum harmonics at network output 
also will be identical 


$ (o.) a tied o 


=, = +--+ mtg a oe ty me const. 
Therefore, the signal at netvork output completely lags by time cS (phase 

delay time) and vill change with respect to magnitude by a factor of K, /532 

while its shape vill remain unchanged.* Thus, expression (24) is a condition 


of distortionless pulse transmission across a linear network. 


Realistically, due to influence of capacitances and inductances, linear netvork 
frequency characteristics always differ from the ideal characteristics (Figure 9). 
As a result, vhen a pulse signal passes across a real linear network, the amplitude 


*It is possible to show that the same result vill be obtained if ¢lwimtum+ae, 
where n — any whole number (dotted line in Figure 10), while the output signal 
changes its polarity in the event n is an odd number. 
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and phase ratios among the harmonics of its spectrum change and the shape of the 
signal at output differs from that at input. Signal shape distortions caused 
by linear network frequency-selective properties are referred to as linear or 


frequency distoctions. There are two types of linear distortions: low-frequency, 
caused by the AChKh "dip" in the low-frequency range, and high-frequency, caused 
by the FChKn "dip" in the high-frequency range. 


The approximate nature of linear distortions in the shape of a square pulse 
is depicted in Figure ll. It stems from the relative role of the pulse spectrum 


Figure 11. Linear Distortions of a Square Pulse (a); 
(b) -- Low-Frequency; (c) -- High-Frequency; (d) -- Total. 


low- and high-fr-juency harmonics in shaping its envelope (see Attachment 1). 
Low-frequency distortions arise due to relative suppression of low-frequency 


harmonics in the output signal spectrum and manifest themselves in pulse tilt 


reduction and, upon its cessation, onset of an opposite-polarity output voltage 
excursion (Figure '1b). 


IF the dec component of the input pulse spectrum does not pass across the 
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linear netvork at all (K(G) = 0), i. e., is absent at network output, then the 
algebraic sum of the areas of the different signs bounded by the graph of the 
output voltage vill equal zero. High-frequency distortions arise due to relative 


suppression of high-frequency harmonics in the output signal spectrum and manifest 
themselves in stretching of pulse porches and impartation of a flat character 

to its envelope (igure llc). Given both types of distortions, the resultant 
pulse envelope is “lat, with stretched porches, receeding tilt, and an opposite- 
polarity excursion (Figure lld). If the network has an oscillatory character 

(it includes both capacitances and inductances), then damping aoscilla*ions 
additionally may be imparted to the output pulse envelope (depicted by the dotted 
line in Figure lld). ‘hese sscillations arise as a result of oscillatory network 


shock excitation when input pulse porches are active (see Chapter II, § 6). 


Thus, from the spectral point of view, linear distortions result from deformation 


of the signal spectrum envelope--disruption of the amplitude and phase ratios 
among its harmonics when spectrum frequency structure is retained.* 


Netvorks wil] strive for the shape of the frequency characteristics to 
approximate the shape of the ideal frequency characteristics (24) to the maximum 
in order to decrease pulse linear distortions. Special frequency correction 
measures--compensation for the AChKh "dips" in the low~ and high-frequency range 
(see Chapter III, § 3)-~are used to this end, 


ATTACHMENT 8 /533 


ESSENCE OF THE TRANSIENT CHARACTERISTICS METHCO 


The transient characteristics method is founded on the principle of super-~ 
position, just as is the frequency method of linear network analysis. We will 
introduce initially the concept of the unit function (connection function) and 
the transient characteristic for familiarization with the essence of this method. 
Unit function «t) is a step (change) of voltage or current of unit amplitude 





“From the spectral point of view, nonlinear distortions are the result of signal 


spectrum transformation--its enrichment by new frequencies of harmonics. 
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and is plotted in Figure 12a. Unit function 2f—"). delayed relative to moment 


t = 0 by interval t' is plotted in Figure 12b. 


The unit function is used as the standard linear netvork input signal, making 
it possible to study its transient mode. The shape of a linear netvork output 
signal, arising when the unit function ac*s upon the network, is referred to as 


network transient characteristic h(t). Thus, 
A(t) euita,, Where = uitigg write. (X1.25) 


Due to network linearity, input signal delay by time t' will cause an identical 
output signal delay, while an increase in the input signal by factor a will cause 
a rise in output signal by the identicai factor. Therefore, response h(t--t') 
corresponds to input signal ate) while response ah(t--t') corresponds to 


input signal aet—F) , 


These circumstances make it possible to use known network transient chare 


acteristic h(t) to find its response to input voltage of random stipe, having 


Utex 





Figure 13. Representation of Randomly-Shaped Voltage 
By the Sum of the Elementary Stages. 


tepresented beforehand this voltage as the sum of an infinitely-large number of 
elementary steps of infinitely-slight amplitude delayed relative to one another 


by infinitely-short time intervals. This is explained in Figure l3a, where voltage 
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“es is represented approximately first by the sum of a finite number of /534 
AUss au,. 


relative to the previous one equalling 4t'. The step envelope obtained in this 


steps with amplitude AU - » and vith identical delay of each step 
manner will more accurately correspond to the shape of voltage «1,4, the greater 
the number of steps used for its approximation. Precise correspondence is obtained 
when the range of the number of stages is increased to infinity, vhere 


. ' du du \ 
Mwdt, SU ~~ ( s (eB zz 
( Jt oe ue a ‘gs ) 


and each step arising at moment t = t' vill be expressed as 
Sat 

oF at 
operative in the interval from O to 1, in order to obtain the resultant input 


dally ay: ce-trn . It is necessary to add all elementary steps 





voltage value at moment t: 


‘ 
 f Sidee 


wit =x\lf— t—tjd 
‘er x nt Ven 2 £) dt 


The netvork reponse to each elementary step is expressed through the network 


transient characteristic as 


Su illays = Su ilig Ae — 8). 


In accordance vith the principle of siperposition, a complete network respons? 
equals the sum of the responses to all eiewentary steps. Therefore, output voltage 


will be found using the formula 


4g s 
os 
4 Sigug = \ Lapa Se 


at preg eet (XT. 26) 


The ratzo is referred to as the Duhamel integral.* 


If the input voltage has finite step Cto,, when t = 0 (Figure 13b), then 


a response to this step, equail:ng te veahgsy » Will de added at netvork ovtput. 





‘Here, t' -- integraticn variable, t -- derivative, but cunctant for the marent 
m tine summation process. 






ATTACHMENT 9 


VaAlLUUM TUBE ANS TRANSISTIR PABAMETERS 
= Farameters sf Triodes Ysei ia Pulse circuits 





OO RR a ee es ee ee 


oo: te fa Be’ aus L, S 

aie Type v A v . mA ma/\ 
6S1P 6.3 O15 250 «7 6.2 2.26 
653P 6.3 0.3 186: See £6 19.5 
6S15P 6.3 0.44 150 -~- 40 45 
6526B-K 6.3 0.22 120 -- 9 §.2 
65288 6:3: “8.31 “120 snes 16 19 
65378 6.3 0.44 ag. =e 40 16.5 
6551 6.3 0.13 1S we 10 11.5 
6. IP 6.3 0.6 2500 aw 7.5 4.35 
S'2P 65) 0034 250° =1S 2.3 253 
6\3P 6.3 0.35 150 8.5 5.9 
6\6P 6.3 0.75 120 2 30 11.0 
6485 6.3 0.6 250-8 9 2.6 
6.95 ES O03 250 #2 2.3 1.6 


G1l4P 6.3 0.35 90 ~1.3 10.5 6.8 


6°.15P 6.5 0.45 109 _ 2 5.6 

6.163 6.5 Q.4 109 22.4 3.0 5.0 

§\22P 6.3 0 i120 -- id Qed 

euetaye §.3 0.6 150 -- la 9.5 
295 








lL R : “, errr “i ner os 
K anm W or pF pF 

26.2 «11.6 -- 1.8 1.4 Tet 1.35 
50 - 100 3 6.7 1.65 2.4 
52 1.24 36 7.8 11.0 1.8 5.0 
25 -- 220 1.4 3.3 3.5 1.4 
40 -- 160 2.4 5.8 2.2 3.0 
13 -~ 43 4.5 6 4.7 3.9 

32 _- 132 1.0 4.7 2.2 1.75 

35 ll 60 2.2 3.8 1.75 1.85 
98 50 -- 1.0 2.35 2.9 0.7 
26 €.2 240 1.5 2.7 1.55 1.6 
20 -- -- 4.8 4.5 2.1 3.5 
20 77 -- 2.75 2.9 1.0 3.9 
70 34 -- 1.1 3.0 3.5 2.8 
25 -~ -- 1.5 4.9 2.9 J.3 
2.1 2.15 1.8 

38 6.3 50 1.6 2.9 0.4 1.4 
2 ~~ -- C.9 Z.7 1.65 2,5 
32 -~ 660 1.8 3.6 2.3 1.5 
43 5 100 2.6 3.5 2.0 1.9 








= Parameters of Tetrides ani Pentsies Vsei in Pulse Tircuits 
’ 
‘ ‘i ° I 
3 2 a 
Tube Type ohm ct 
FRE 4 A V : mA 
U 
gl 
V 





6Zh1P 6.3 0.175 120 120 -2.0 V 6.2 
6Zh2P 6.3 0.175 120 120 -2.0 V 5.5 
6Zh3P 6.3 0.3 250 150 -1.6 V 7.0 


6Z2h4 6.3 0.45 300 150 -2.0 V 19.0 
6Zh5P 6.3 0.45 300 150 160 ohms 9.5 
6Zh8 6.3 0.3 250 100 -3.0 V 3.0 


6Zh9P é.3 0.3 150 150 80 ohms 15.5 
6Zh10P 6.3 0.3 200 100 80 ohms 6.5 
6Z11P 6.3 0.44 150 156 50 ohms 25.0 
6zh20P 6.3 0.45 150 150 70 ohns 16.5 
6Zn2iP 6.38 0.34 150 150 “1,1 V i5.0 
6Zh22P 6.3 0.46 150 1350 -1.2V 27.0: 
6Zh32P 6.3 0.2 250 140 -2.0 V 3.0 
6Zh38P 6.3 0.18 150 100 80 ohms 13.0 





6PIP 6.3 0.5 250 250 “12.5 V 44.0 

6P9 6.5 0.65 300 150 -3.9 V 30.0 

6P14P 6.3 0.76 250 250 -6.5 V 48.C 
(120 ohms) 


6P15P 6.3 0.76 300 150 75 ohms 30.0 











nA mA/V CK Wy W pF ot oF 








3.2 5.2 300 1.8 0.65 4.1 2.45 0.035 
5.5 3.7 350 1.8 0.85 4.1 z.3 0.035 
2.0 5.0 500 er 0.55 6.5 1.5 0.025 
2.2 9.0 1000 3.3 0.45 9.0 3.0 0.015 
3.5 9.0 260 3.6 0.5 8.5 2.2 0.03 
0.8 1.65 -- 2.8 0.7 6.0 7.0 0.005 
4.5 17.5 150 3.0 0.75 8.5 3.5 0.03 
5.5 9.5 109 3.0 0.75 §&.5 4.1 0.025 
7.5 28 36 4.9 1.15 14.0 3.5 0.04 
6.0 16.5 90 4.0 1.2 8.6 2.45 0.04 
6.0 15.0 95 4.9 1.2 5.9 1.9 0.035 
9.0 25 55 7.0 1.8 9.0 2.4 0.05 
1.0 1.8 2500 1.9 0.2 4.0 5.5 0.05 
3.2 10.6 175 2.5 0.65 5.8 2.4 0,02 
7.0 4.9 42.5 12.0 2.5 6.5 3.6 0.7 
6.5 11.7 80 9.0 1.5 13.0 7.5 0.06 
7.0 11.3 30 =612.0 2.0 11.0 7.0 0.2 


4.5 14.7 100 12.9 1.5 13.5 7.0 0.07 


} 
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Matersal und ro 


2 «Cu wase «ven 





ivpe ee nea. eae ak B 
fPp2 & pp 10 160 DX x0 10 
‘P24 Epp 0.2 20 M0 — SO BHO 
‘P28 = Ce ppp 0.2 2 70 — 2 30-8 
MP39 Ge prp 05 10 b OD 10 L 
‘P3983 = Ge prp 0.5 10 15 BD 10 O&O 
P40 Ce pp 10 1015 @ 150 040 
‘P41 Ge prp 10 1015 01D WW 
SP32 Ce orp 12 MUG BG a2 
MP42A «Ge pep 10 WM D XO DW 
‘P4B Ce pp 19 wb BD > 45-135 
P101 Si Apn 02 10 D BD 10 218 
P102 Si rpn 05 10 10 D110 LW 
P1053 Si npn 10 10 10 @ 100 18-35 
P104 Si ap 01 10 OM 10 OD -35 
P105 Si pp 0.2 10 40 DD LO 
P106 Si arp 05 10 6b WW 5S 1-35 
P&C Ge pp 30 10 109 1D 163 
P02 Ge prp ao 190 1 1D 16-50 
POO Ge pp 10 min bw 30-100 
P4A Gepp 120 0 10 1 OD 6d 
P414 Ce prp a mW WM B10 
Pal4A = Ge pp a 10 10 1 30) 68120 
P415 Ge pp 120 0 10 IW 30 B10 
PSA = Ge pp 120 10 10 «10 30 G1 
P16 ce pp 40 10 12 5610 D8 
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for which values 


Frequency f <iHz) 
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Material and 1, oe fale, 
| Type Concict.wity . 
Type ‘Hz mW Voom mA b 


‘a ouug ~ 








Pal6\ Cepp @ 100 12 2 1D &135 
P4168 «Ge prp 80 100 12 3 1D woz 
P@1 Ge ap D 1020 3 aim a 
Pa2 Ge prp D 00 D0 Wim 210 
PROS Ge pro a 400 45 420 4D 19 
Pécs Ge orp 40 40 45 A itoO wa 
P6O6 Ge prp 40 35 WMbD DA 
P6Q7 Ge pp a 150 30 3 a Aw 
Poa. iii Sepp COS OO 3 a 
Peng Ge erp 1D 10 3 30 aD 412 
i. Isnvinued. 
Sack Current bee Frequercy f tte 
Ig at °C For y for which values 
uA V Fp 
; are determined 
3 10 8 500 5.0 
3 10 8 5D 5.0 
20 10 v.60) 730 5.0 
100 10 v.06) 7X0 5.0 
7060) &5 a0 sto 5.0 
am 45 170 08) 5.0 
200 45 LO 500 5.0 
300 30 50 sr 5.0 
300 30 8) 50 5.0 
| 50 30 a) 5.0 











4. Pls Transistor Collector Characteristics When Connected to a 
Common-Base Circuit For Normal Temperature 290 C (Solid Lines) 
and Increased Temperature 30° C (Dotteg Lines), 
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